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ABSTRACT
Two distinct hydrothermal systems have been active in McGinness 
Hills: an older (35 m.y.) system characterized by quartz + kaolinite i 
alunite alteration of andesite, and a younger (2.7 m.y.) hot-spring 
system that produced quartz + adularia alteration of rhyolite ash-flow 
tuff and andesite.
The older system is characterized by elevated F and scattered Mo 
and W anomalies, suggesting that this terrane may overlie a porphyry 
Mo system.
The younger system formed sinter terraces and deposited Au, Ag, 
Hg, and Sb within 300 feet of the surface with low values of 
associated base metals. Au enrichment occurs above Ag, As and Hg 
enrichment; Sb is concentrated within the sinter. Three distinct 
silica stages are recognized. The highest precious-metal values are 
associated with late banded quartz/chalcedony i. adularia veins. The 
patterns of geochemical anomalies, alteration, and deformation may be 
related to the loss of CO2 and H2S from the fluid during boiling.
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There is presently great interest among mineral exploration 
geologists in locating fossil hot spring terranes in order to evaluate 
their precious metal potential. Exploration strategies have been 
based on knowledge gained from the published literature on hot spring- 
type precious metal deposits, which is scant, and on the literature 
dealing with active geothermal systems. Although geothermal 
literature is abundant, it is generally not focused on the economic 
aspects of the geothermal systems; in addition, no appreciable 
concentrations of metals have yet been found in active systems. This 
paper, which was done in part on a fossil hot spring terrane, attempts 
to synthesize the two literatures mentioned above.
This paper provides a description and interpretation of the 
geology and geochemistry of the McGinness Hills area of central 
Nevada, which contains a fossil hot spring terrane. A genetic model 
of hot spring mineralization processes is developed within this paper, 
and the mineralized features present in the fossil hot spring portion 
of the McGinness Hills area are discussed and modelled using this 
hypothetical system.
LOCATION AND GEOGRAPHIC DESCRIPTION 
The thesis area is situated in a series of low-lying hills 
containing the McGinness VABM station, which are herein referred to as 
the McGinness Hills. The hills are located approximately 12 miles 
northeast of Austin, Nevada, along the eastern flank of the Toiyabe
Range, in Sections 10, 11, 14, and 15, T. 20 N., R. 45 E. (Fig. 1). 
Access to the area is provided by State Route 21, which lies just to 
the west of the hills; access within the area is by unimproved dirt 
roads.
The hills are characterized by low to moderate relief with 
elevations ranging from 6500 feet along the eastern drainages to 7061 
feet at the McGinness VABM station. The area is drained by the 
southward-flowing creek of Rye Patch Canyon, and the northward-flowing 
Ox Corral Creek and its tributaries. Mid-winter temperatures average 
about 30°F while summertime highs may reach 90-100°F (Stewart et al., 
1977). Austin, Nevada, receives an average of 12 inches of 
precipitation a year (Stewart et al., 1977).
All of the McGinness Hills, and much of the surrounding 
territory, is currently under mineral claim by the Anaconda Minerals 
Company. Much of the Toiyabe Range to the east is also-under claim by 
various individuals and companies.
PROCEDURES
Field work was done during the late summer and fall of 1982 and 
the summer of 1983. A total of approximately 3 months was spent 
mapping and sampling the area. The area is covered by the U. S. 
Geological Survey 15 minute Mount Callaghan topographic quadrangle. 
Mapping, however, was done on 1:4,800 enlargements of 1:12,000 color 
stereo photographs, and then transferred to a 1:4,800 topographic map 
of the area by use of a Bausch and Lomb stereo zoom-transfer scope. 
The maps and photos were supplied by the Anaconda Minerals Company.
FIG. 1. Map showing the 





Several samples of fresh rock from all key map units were 
petrographically examined to determine the original lithologic
character, and thin sections of rocks from the different alteration 
types were studied to observe hydrothermal alteration effects. A 
total of approximately 200 thin sections were examined. Mineral 
identification was made by both thin section microscopy and standard 
X-ray diffraction techniques; approximately 100 samples were analyzed 
by X-ray diffraction.
Fresh and altered rock samples of all key units were submitted to 
Bondar-Clegg, Inc., Lakewood, Colorado, for major- and trace-element 
analyses. The samples for major-element analysis were prepared and 
analyzed by Bondar-Clegg using standard atomic absorption techniques 
supplemented by colorimetric determinations of Ti02 and P2O5. Samples 
to be analyzed for trace elements were crushed to a -150 pulp by the 
Anaconda Minerals Company laboratory in Sparks, Nevada, and then sent 
to Bondar-Clegg for analysis. Bondar-Clegg1s extraction techniques 
were as follows: Au by fire-assay preconcentration and aqua regia 
digestion; Ag, Cu, Mo, Pb and Zn by hot aqua regia digestion; As by 
perchloric and nitric acid digestion; W by basic oxidation fusion; F 
by basic fusion; and Hg by aqua regia. Bondar-Clegg's methods of 
analysis were as follows (detection limit given in parenthesis): 
atomic absorption for Au (5 ppb), Ag (0.2 ppm), Cu (1 ppm), Mo (1 
ppm), Pb (2 ppm) and Zn (1 ppm); colormetric for As (2 ppm) and W (2 
ppm); energy dispersive X-ray fluoresence for Sb (2 ppm); citrate 
buffer-specific ion for F (20 ppm); and closed cell flameless atomic 
absorption for Hg (5 ppb). Standards and duplicates were periodically
sent with the sample batches, and these show that the analyses are of 
acceptable precision and accuracy.
Three samples were sent to Teledyne Isotopes in Westwood, New 
Jersey, for potassium-argon age determinations. Teledyne crushed the 
samples, prepared mineral separates, and performed the potassium and 
argon analyses. All the K-Ar age determinations cited within this 
report have either been recalculated to conform with the IUGS 
recommended constants (Dalrymple, 1979), or were originally determined 
using these constants.
Core from several Anaconda drill holes in the southern map area 
was inspected and used to construct the geologic cross sections. The 
results of an induced-polarization and resistivity geophysical survey 
were used for the structural interpretation of portions of the map 
area.
PREVIOUS WORK
Stewart and McKee (1968) mapped the region at a scale of 
1:62,500. Aeromagnetic surveys of the region are available as U. S. 
Geological
Survey Open File maps OF-68-282, and OF-69-292; both surveys were 
performed in 1968 and are at a scale of 1:62,500. Davis and Stewart 
(1970) made an integrated geologic and aeromagnetic study of the
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GEOLOGIC SETTING
The geology of the region has been well documented by Stewart and 
McKee (1968), and Stewart et al. (1977). The Toiyabe Range lies to 
the west of the McGinness Hills, and is underlain largely by of 
Paleozoic strata commonly referred to as the eastern carbonate 
assemblage and the siliceous western assemblage (Roberts et al., 1958; 
Stewart and McKee, 1968). The western assemblage was moved over the 
eastern assemblage along the Roberts Mountains thrust during the Late 
Devonian and Early Mississippi an Antler orogeny. One of the main 
exposures of lower-plate rock in this area has been named the 
Callaghan Window (Stewart and Palmer, 1967). Several small outliers 
of the Paleozoic strata are also present in the valley to the south 
and northeast of the McGinness Hills.
Granitic rock of the Austin pluton is in prominent intrusive 
contact with the Paleozoic strata to the southwest of the McGinness 
Hills, and also as a small outcropping to the north. The intrusions 
are probably Jurassic based on potassium-argon age determinations of 
161 +6 m.y. (Krueger and Schilling, 1971), and 172 _+ 3 m.y. (Silberman 
and McKee, 1971).
The next-younger rocks in the area are Tertiary volcanics, 
exposed largely in Grass Valley, the Simpson Park Mountains to the 
east of Grass Valley, and the Toiyabe Range about 10 miles north of 
the McGinness Hills. The volcanic rocks, dominantly rhyolite ash- 
flow tuffs and andesitic flows and intrusives with minor rhyolite 
intrusives, have potassium-argon ages ranging from approximately 37
m.y. to 26 m.y. (Stewart and McKee, 1968; Stewart et al., 1977). Two 
distinct ages of Quaternary alluvium are present in the region: an 
older dissected layer, and a younger surface of slight dissection and 
present-day sedimentation.
The structural grain of the region surrounding the McGinness 
Hills is dominated by north-south trending Basin and Range faults of 
probable Late Pliocene to Early Miocene age (Stewart and McKee, 1977). 
In addition, the exposures of Paleozoic strata are cut by complex 
thrust faults related to the Antler orogeny. The Paleozoic rocks are 
also cut by normal faults which are probably related to Basin and 
Range fault activity.
A number of pronounced linear features in the region are apparent 
on Landsat imagery (Fig. 2). The north-trending linears are probably 
related to Basin and Range faulting. The pronounced northwest linear 
in the southwest corner of Figure 2, first delineated by Davis and 
Stewart (1970), coincides with a zone of intense alteration and 
aeromagnetic lows. The two major east-west linears just to the west 
of the map area are readily apparent on the photograph, yet not easily 
explicable by geologic map patterns; no field time was spent 
investigating these lineaments.
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FIG. 2. Landsat photograph of the McGinness Hills region showing 
some of the more pronounced regional linear features. Solid square 





Scattered outcrops of gray orthoquartzite in the McGinness Hills 
area are similar to quartzite that occurs as beds in the Valmy 
Formation, and it has been mapped as such in this area. In the 
northern portion of the map area the quartzite occurs as xenoliths in 
the andesite, and several of the larger xenoliths are shown as 
discreet outcrops of Valmy Formation on the geologic map (Plate 1).
TERTIARY ROCKS 
Andesite and Dacite (Tad)
The oldest Tertiary rock unit present in the McGinness Hills area 
is andesite and dacite that Stewart et al. (1977) correlate with 
similar rocks throughout east-central Nevada. Andesite from two 
nearby localities in the Simpson Park Mountains has yielded K-Ar age 
determinations of 36.3 + 1.1 m.y., and 35.4 + 1.0 m.y. (McKee and 
Silberman, 1970, Table 1, Nos. 20 and 21). Whole-rock chemical 
analyses of two typical specimens of this unit in the McGinness Hills 
(Table 1), show both to have strong chemical affinities to andesites 
(LeMaitre, 1976).
The andesitic rock is typically dark gray to black, exhibits a 
distinct porphyritic texture in hand specimen, and consists of 
agglomerates, flows and flow breccias, probable dike rock, and minor 
sedimentary units. An average specimen of the unit contains 20-25
10
TABLE 1. Representative Whole-Rock Chemical Analyses and 
Normative Mineral Compositions of the Volcanic Rock Units
Andesite
Tad
_______ Bates Mountain Tuff________
Ttp Tts Ttqs Ttq
Chemical Analyses (Wt %)
Si02 59.0 59.0 75.2 70.8 72.3 75.3
AI9O3
Fe203^
15.4 15.8 11.6 12.6 11.0 11.4
5.03 6.05 1.23 2.48 1.16 1.07
MgO 3.34 2.92 0.14 0.15 0.21 0.05
CaO 6.07 6.03 0.72 0.64 2.12 0.34
Na20 2.89 2.91 3.51 4.24 3.46 4.00
K20 2.46 2.27 4.78 5.44 4.60 4.68
MnO 0.12 0.11 0.06 0.08 0.02 0.01
T i 02 1.00 1.02 0.11 0.23 0.08 0.09
P205 0.34 0.37 0.04 0.09 0.10 0.03
Total 96.30 96.13 97.39 96.71 95.05 96.97
C. I. P. W. norms
Q 16.62 17.71 36.13 25.65 33.60 35.00
OR 15.10 13.95 29.00 33.24 28.60 28.52
AB 25.39 25.61 30.49 35.91 30.80 33.60
AN 22.62 24.29 1.83 - 0.95 -
AC - - - 1.05 - 1.15
WO - 0 0.18 0.67 3.21 0.38
01 5.07 3.46 0.77 0.83 1.19 0.28
HY 8.65 8.27 - - - -
MT 3.76 3.80 - 1.83 - -
HM - - 1.26 0.17 1.22 0.71
IL 1.97 2.02 0.13 0.45 0.05 0.02
SP - - 0.11 - 0.15 0.20
AP 0.82 0.89 0.10 0.22 0.24 0.07
Total 100.00 100.00 100.00 100.00 100.00 100.00
1 All Fe reported as Fe203
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percent phenocrysts of well-formed plagioclase with some crystal faces 
present. The crystals are 0.5-1.5 mm in maximum diameter, show 
reverse and oscillatory zoning, contain abundant cellular inclusions 
of glass, and range in composition from andesine to labradorite. 
Augite and hypersthene typically comprise 5-15 percent of the rock, 
and are commonly present as glomeroporphyritic masses 1.5 mm in 
diameter; individual crystals are typically 0.5 mm in diameter. 
Anhedral grains of magnetite are disseminated throughout the rock. 
The groundmass of the andesite consists of plagioclase and rare 
pyroxene microlites. Much of the rock possesses flow banding, which 
gives it a platy appearance in outcrop.
The thickness of the andesite unit at McGinness is difficult to 
estimate, since its lower contact is not present in outcrop or drill 
core. In the Simpson Park Mountains, to the northeast of McGinness 
Hills, the andesite field has its largest continuous extent, and is 
estimated to be more than 2000 feet thick (Stewart et al., 1977). 
Based on geologic map patterns in the McGinness area, the unit is 
probably much thinner here, and an estimate of 500-1000 feet seems 
reasonable.
Bates Mountain Tuff
Unconformably overlying the andesite, and at least locally 
separated from it by several feet of alluvium containing abundant 
pebbles and cobbles of chert and quartzite, is a sequence of rhyolitic 
ash-flow tuffs named the Bates Mountain Tuff by Stewart and McKee 
(1968). This unit was further described by McKee (1969), Sargent and
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McKee (1969), and McKee and Stewart (1971). McKee and Stewart (1971) 
state that the Bates Mountain Tuff typically contains from three to 
five cooling units with a total thickness of 200 to 300 feet. At 
McGinness, the sequence consists of four distinct and mapable ash-flow 
tuff units with highly variable distributions and thicknesses that are 
separated by complete cooling breaks.
Table 1 gives the chemical analyses and normative mineral 
compositions of the tuff units present at McGinness; all are 
rhyolitic. An eruptive center for these ignimbrites has not been 
identified, and the absence of a near-vent facies in the units at 
McGinness shows that they were not vented from this area. Stewart et 
al. (1977) report that the oldest radiometric age obtained for the
Bates Mountain Tuff is 24.7 + 1.0 m.y., while the youngest is 22.1 + 
0.9 m.y.
Tuff Unit Ttp
The lowermost unit of the Bates Mountain Tuff in the McGinness 
Hills area is composed of a brown, typically densely-welded ash-flow 
tuff. Phenocrysts of plagioclase, typically oligoclase, and as much 
as 3-4 mm in maximum diameter, distinguish this unit. The plagioclase 
is commonly 1.0-1.5 mm in diameter, well-formed with some faces, and 
accounts for 5 percent of the rock. Poorly-formed crystals of 
sanidine make up 5 percent of the rock and are typically 1-1.5 nm in 
diameter. Embayed quartz phenocrysts from 0.5-1.5 mm in diameter 
make up 3 percent of the rock. Disseminated magnetite and very rare 
sphene are also present. The unit contains only sparse clasts of
13
collapsed pumice as much as 5 cm in maximum diameter, but the rock 
commonly contains abundant irregular gas cavities that are as much as 
several centimeters in diameter. The groundmass and pumice fragments 
are devitrified, and a spherulitic structure is common. The greatest 
observed thickness of the unit is approximately 70 feet, but the 
maximum thickness is not known since a well-exposed section is not 
present in contact with the andesite.
Tuff Unit Tts
Unit Tts overlies unit Ttp. It is composed of brown, dominantly 
densely-welded ash-flow tuff typically containing about 3-5 percent 
phenocrysts. The upper third of the unit contains fewer phenocrysts 
and is less densely welded than the lower portion. This unit is 
characterized by relatively abundant clear sanidine phenocrysts that 
have a strikingly well-developed form with all faces present, and that 
may be as much as 2.25 mm in maximum diameter, though averaging < 1.25
mm. Anorthoclase phenocrysts constitute < 1 percent of the rock, and 
minor quartz is present. Magnetite and sphene are accessory minerals,
and the latter is common enough to be diagnostic of this unit in thin 
section. Pumice clasts make up 5-10 percent of the rock, and are
typically 0.5-2.0 cm in maximum diameter. Spherulitic devitrification 
of the groundmass and pumice is common, and the lower half of the unit
locally contains distinctive horizons with prominent lithophysal 
cavities. This unit has a non- to poorly-welded glassy basal zone in 
the northern map area and in drill core from the sinter area, but this 




Unit Ttqs unconformably overlies the previous unit and is locally 
separated from it by several feet of alluvium. The unit is white to 
pink in the map area, and easily recognizable due to its homogeneous, 
structureless nature: it is poorly welded, contains no pumice clasts, 
and has no distinct foliation, only a weak ill-defined parting in the 
better exposures. The unit is crystal poor, and typically contains 1- 
2 percent phenocrysts of sanidine averaging < 0.75 mm in diameter; 1-2 
percent phenocrysts of quartz that arei 1.0 mm in diameter and commonly 
embayed; and < 1 percent plagioclase that is i 0.75 mm in diameter. 
The unit is very porous, devitrified, and white to pink in the map 
area; however, in the surrounding region the unit is gray and glassy. 
The maximum mapped thickness of this unit is approximately 60 feet, 
but it is typically much thinner.
Tuff Unit Ttq
Unit Ttq, the upper member of the Bates Mountain Tuff in the 
area, is composed of brown, densely-welded, dominantly devitrified 
ash-flow tuff. The rock contains 10 percent phenocrysts, of which 6 
percent are of very distinctive quartz crystals. The quartz is 
slightly smokey, typically £ 1 mm in diameter, is present as well 
formed but slightly rounded crystals, and contains deep embayments 
filled with devitrified glass. The embayments, visible with a hand 
lens, give the crystals a wormy appearance in hand specimen. Wei 1 - 
formed phenocrysts of sanidine averaging 1 mm in maximum diameter form 
4 percent, and very dark crystals of biotite, typically < 0.25 mm in
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diameter, about 1 percent of the rock. Disseminated magnetite is 
present as an accessory mineral, and rare plagioclase and hornblende 
are also present. Collapsed pumice fragments make up 5-10 percent of 
the rock, are commonly the locus for inflated gas cavities, and 
commonly contain prominent spherulites. This unit includes a non- 
welded base that grades upward into a densely welded zone that is the 
most prominent Tertiary surface in this region. The unit locally 
attains a thickness of almost 100 feet, but is typically somewhat 
thi nner.
Local Distribution of the Bates Mountain Tuff
The distribution and thickness of the units of ash-flow tuff 
within the McGinness Hills area are highly erratic (Plate 1), due to 
the irregular topography of the surface upon which they were 
deposited. This relationship is especially well seen in the
southeastern portion of the map area, where the ash-flow sheets onlap 
a topographic high of andesite to the north.
Tertiary Alluvium (Tal)
Alluvium characterized by abundant pebbles and cobbles of chert 
and quartzite have locally been altered by the thermal waters, and may 
contain cobbles of, or be intercalated within, beds of sinter, and are 
thus clearly of late Tertiary age (see Hydrothermal Alteration). 
However, since there is generally no appreciable difference between 
the composition of unaltered Tertiary and Quaternary alluvium,
16
fresh Tertiary alluvium may locally be mistakenly mapped as Quaternary 
age.
Discussion
Although most of the Tal unit is clearly of an 
alluvial/sedimentary origin, the unit present below the main sinter is 
somewhat enigmatic. The outcrops here are of silicified sandy 
sediments and silicified conglomerate containing abundant clasts of 
chert and quartzite, and rare andesite and tuff fragments, all of 
which are locally hydrothermally brecciated. These outcrops are 
strati graphically correlative with a 200 foot thick section of a 
similar lithology present in drill core from a hole sited at the top 
of the main sinter terrace. In the core, the uppermost portions of 
the unit consist of sandy and silty sediments that appear to have a 
tuffaceous component. The bulk of the unit, however, consists of a 
conglomerate containing abundant clasts of chert and quartzite set in 
a microcrystalline silica-rich and commonly highly pyritic matrix; 
only minor clasts of tuff and andesite are present. This unit is 
locally cut by veins of chalcedony and white quartz, and some clasts 
show evidence of a previous episode of silicification and brecciation. 
Portions of this unit, which have apparently undergone hydrothermal 
remobilization as evidenced by crosscutting relationships and locally 
abundant angular pebbles, have the same general textural features as 
those that have apparently not been disturbed.
An alternative mode of origin for the densely silicified portions 
of the unit would be a hydrothermal explosion breccia, or a feeder
17
pipe related to one of these breccias (Muffler et al., 1971). The 
great thickness, the abundance of exotic fragments, and the locally 
intense silicification and pyritization of the unit below the main 
sinter lend credence to this interpretation. However, drilling has 
shown that the units here have a layer-cake form, and that the content 
of tuff or andesite clasts only becomes appreciable in close proximity 
to one of these units. The andesite is quite thick in this area, and 
if a feeder was to crosscut it, it should contain abundant clasts of 
andesite. For these reasons the unit is considered to consist of 
silicified alluvium that has locally been reworked by the hydrothermal 
fluids. The extreme thickness is probably due, at least in part, by 
preservation from erosion due to hardening by silicification.
Siliceous Sinter (Ts)
Use of the term sinter in this report follows that of White 
(1964): "...it is restricted to deposits consisting dominantly of one 
or more of the silica minerals and formed at the surface, at least 
originally, by deposition from thermal waters." The sinter at 
McGinness is of two dominant types: an opaline variety, which is
commonly porous and rubbly appearing, and a dense chalcedonic type.
Description of Sinter
The opaline variety of sinter is typically gray to white but is 
locally red or green. It is generally very porous and consists of 
pebbles and fine detritus of opal derived by erosion of previously- 
deposited opaline sinter, but locally contains fossilized plant
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fragments, and is locally massive and glassy. In thin section, the 
porous sinter is seen to contain many open spaces that are commonly 
filled with flat parallel bands of opal, and patches of chalcedonic 
quartz are scattered throughout the rock. Clay is disseminated 
throughout the rock and is locally concentrated in fragments and 
within the layered opal. X-ray diffraction patterns show that most of 
the opal is a poorly-ordered oc-cristobalite, but it is isotropic, and 
has an index of refraction of 1.439 to 1.457, which is characteristic 
of opal. White et al. (1956) and White (1964) also found much opal to 
have a cristobalitic X-ray pattern, although the latter study reports 
the ^-morphology for the opal at Steamboat Springs, Nevada. No reason 
for this discrepancy is apparent, but the o<-morphology is the stable 
Cristobalite phase below about 200°C (Deer et al., 1963), and would 
therefore seem to be more common in the hot spring environment.
The chalcedonic sinter at McGinness is typically gray to chalky 
white, but locally is covered by patches of dark gray or red surficial 
discoloration. The surficial nature of this discoloration suggests 
that it is not related to sulfide content, as it is at Steamboat 
Springs, Nevada (White, 1964), and geochemical results support this 
view. The sinter terrace is typically highly foliated, and contains 
well-developed bedding that is nearly horizontal within the major 
outcrops (Fig. 3). Drill core shows evidence for only minor clastic 
sedimentation during the growth of the sinter. The chalcedonic sinter 
is very dense and hard and readily distinguishable from the opaline 
variety.
Although most of the chalcedonic sinter terrace is roughly 
horizontal, the sinter bodies mapped within the Tertiary alluvial unit
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(Tal) near the north end of the main terrace have moderate dips in 
various directions (Plate 1). One of these units is cut by what 
appears to be a hydrothermal breccia of silicified alluvium (Fig. 4). 
There are two possible modes of origin for these tilted sinters: they 
may represent erosional blocks that tumbled into the Tertiary alluvium 
and that were then affected by late alteration; or they may represent 
an earlier stage of sinter formation distinct from the sinter-cap 
episode. The lack of interbedded sinter within the Tal unit in drill 
core suggests that the former hypothesis is correct.
Breccia Units Associated With the Sinter
Associated with the two main outcrops of chalcedonic sinter are 
prominent breccia bodies (Plate 1). The breccia body on top of the 
main sinter is extremely densely silicified, contains abundant angular 
pebble- and cobble-size fragments of chert and quartzite, and is 
elongate in roughly a north-south direction (Fig. 5). This breccia is 
not present in terrace deposits located on the east side of the hill 
or within the sinter obtained from drill core from this area. A 
breccia body very similar to this type occurs at the south end of the 
main sinter cap to the east, but here it is surrounded by another type 
of breccia having the same general clast composition, but the 
fragments are appreciably larger and more rounded, and the unit is not 
nearly so densely silicified. The contact of these two breccia bodies 
with the overlying sinter is gently undulose.
The extremely dense nature of the si 1icification, the small and 
angular nature of the breccia clasts, and the elongate north-south
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FIG. 4. Contact between breccia body and tilted sinter at 
47,480 N., 47,560 E. This breccia body is interpreted to be a 
hydrothermal breccia of remobilized Tertiary alluvium.
FIG. 5. Breccia body within the sinter terrace 





direction of the breccias —  a direction that is generally parallel to 
the major fault in the area (Plate 1) —  suggest that the first type 
of breccia described occurs within the actual feeder zone of the 
sinter bodies; the other type of breccia located below the eastern 
sinter cap may represent explosion debris, silicified alluvium, or 
most likely a mixture of the two.
Processes of Sinter Formation
Sinters form in geothermal areas where the groundwater table 
reaches the surface with resultant runoff of thermal waters and silica 
precipitation. The feeder zones for the fluids are typically faults, 
but may be any open channel in the rock. Only opaline sinters are
deposited at the surface since opal is the dominant solid form of 
silica to precipitate at temperatures of 100°C or less. The primary 
opaline sinter material is typically quickly reworked into various 
varieties of what White (1964) refers to as multi-stage sinter. The 
most common types of multi-stage sinter are (White, 1964): a porous, 
opaline, rubbly variety formed by silica cementation of sinter 
detritus; a massive glassy opaline sinter formed by subsurface silica 
flooding of a porous opaline sinter; and a dense chalcedonic sinter 
formed by subsurface reaction between thermal fluids and an originally 
opaline sinter (White et al., 1956). As described in the previous 
section, all of these types of sinter deposits are present at
McGinness.
The difference between the opaline and chalcedonic varieties of 
sinter is both visually striking and genetically important. As
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previously mentioned, chalcedonic sinter is formed by reaction between 
a thermal fluid and an opaline sinter, and is not a primary deposit 
(White, 1956). Ernst and Calvert (1969) have shown that opal may 
transform to o<-cri stobal i te and then chalcedony through time. The 
transformation of oc-cri stobal i te to chalcedony is dominantly a 
replacement reaction between the rock and a fluid undersaturated with 
respect to cristobalite, but saturated with respect to chalcedony 
(Ernst and Calvert, 1969; Fig. 6). Ernst and Calvert (1969) have 
shown that the reaction rate for this transformation is greatly 
increased in the presence of a thermal fluid. Their data suggest that 
with the connate water present in the siliceous sediment they were 
studying, the transformation from o<-cristobalite to chalcedony would 
take 180 m.y. at 20°C, 36,000 years at 100°C, and only 47 years at
200°C. Murata et al. (1979) have inferred a similar temperature
dependence for these transformations.
Discussion
The above data on the opal to chalcedony transformation imply
that within a given geothermal system, sinters that have experienced a 
high fluid flow will have greater contents of chalcedony relative to 
those having had a lower fluid flow. White (1964) found this very 
relationship at Steamboat Springs, Nevada, where the amount of 
unreconstituted opal in some of the chalcedonic sinters appeared to
increase away from the feeder zones. This relationship also appears 
to hold at McGinness, where the main occurrence of chalcedonic sinter 
is along the inferred feeder structures and their hanging walls,
2 0 0
T E M P E R A T U R E  °C
FIG. 6. Solubilities of silica species at the vapor 
pressure of the solution. Fluid compositions falling between 
the chalcedony saturation curve and the amorphous silica or 
cristobalite curves will tend to replace an originally opaline 















whereas the opaline component appears to increase away from these 
areas. It therefore appears possible to outline the major flues and 
feeder structures of a sinter-covered system by delineation of 
chalcedonic versus opaline sinter.
QUATERNARY ALLUVIUM (Qoal; Qal)
Quaternary alluvium in the McGinness Hills area consists mainly 
of chert and quartzite fragments shed from the Paleozoic units in the 
Toiyabe Range, but altered and fresh fragments of the andesite and 
tuff are locally abundant. The alluvial deposits are of two distinct 
ages: an older highly dissected layer (Qoal), and a younger surface 
of slight dissection and current sedimentation (Qal).
QUATERNARY COLLUVIUM (Qc)
Erosional debris commonly mantles the hillsides and obscures the 
underlying geologic relationships at McGinness Hills. Where important 




The structure of the McGinness Hills area consists primarily of 
simple normal faults of Tertiary age. The oldest period of faulting
was associated with the alteration of the andesite in the northern 
area (see Hydrothermal Alteration; Plates 1 and 3). Here, the 
alteration is zoned around highly silicified ribs that mark the feeder 
channels for the hydrothermal fluids. These appear to be the main 
structural elements in this terrain. These ribs locally follow
faults, as evidenced by slickensides and linear breccia zones. The 
slickensides commonly occur on highly undulatory surfaces, and 
therefore do not provide detailed information regarding the strike or 
dip of the fault planes. The general absence of either slickensides 
or breccias within the silicified rock suggest that the fluids also 
rose along joint surfaces. The silicified ribs appear to follow one 
main structural system consisting of a north-trending set, and a 
northwest-trending set.
A normal fault separates the andesite in the north from the tuffs 
in the south. The elongate nature of the adjacent altered andesite, 
and the attitude of the adjacent tuff suggests that the fault has a 
northwest strike and southwest dip (Plates 1 and 3). This fault has 
been extended beyond the southeast boundary where it placed tuff 
against andesite due to the presence of a strong linear apparent on 
Landsat photos (Fig. 2), aerial photographs, and the topographic base 
map. This structural zone may extend farther to the southeast than
shown, but it was ended in the alluvium since andesite along the 
southeast extension of this linear zone had no apparent offset.
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The structural grain in the area south of the major northwest­
trending fault is dominantly north-south. The most conspicuous 
structure in this area is the north-trending, 40-50° westward-dipping 
normal fault near the eastern limit of the sinter (Plate 1). This 
fault most commonly places andesite to the east against tuff to the 
west, and has a minimum displacement of about 400 feet, and a probable 
maximum of < 1000 feet. The tuff along this fault zone has commonly 
been deformed by drag along the fault plane, and locally its 
compaction foliation is nearly parallel to the fault plane.
The breccia unit within the main sinter terrace to the west also 
has a north-south trend, and this probably implies that the underlying 
feeder structure has a similar strike. A westward dip has been 
inferred for the feeder structure (Plates 3 and 4) based on the 
following lines of evidence: the Tal unit intersected by drilling 
from near the top of the main sinter is much more highly silicified, 
and the fragments more angular, than that intersected by a drill hole 
located several hundred feet to the east, and this may imply that the 
eastern hole is located in the footwall of the feeder structure; float 
of chalcedonic rather than opaline sinter is more common along the 
western slope of the hill as compared to the eastern slope, and this 
may be indicative of higher fluid flow along the hanging wall of the 
structure; geophysical data indicates the presence of a resistivity 
high under the western slope of the hill, and this may imply the 
presence of pervasive silicification along the hanging wall of the 
structure; and the feeder fault to the east has a westward dip. Drill 
core from two holes near the top of the main sinter terrace show no
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evidence for fault displacement of any of the underlying units, and 
geophysical evidence also suggests that no appreciable displacement is 
present.
There is an alignment of the two major sinter outcrops and a 
small silicified zone to the west of Route 21; this trend is roughly 
parallel to the major northwest fault (Plates 1 and 2). This 
alignment suggests that a cross-structural influence between a 
subsidiary northwest-trending structure, and the north-south zones may 
have been important in localizing the major hydrothermal vents.
An eastward-dipping range-front normal fault has been inferred 
near Route 21 to explain the juxtaposition of the Valmy Formation 
quartzite to the west with Tertiary rock to the east (Plates 1 and 3); 
geophysical data suggests that this interpretation may be correct, but 
does not provide any definitive results. The structural setting 
outlined above thus places the sinter area in a graben (Plates 1 and 
3).
Variable attitudes in the compaction foliation of the tuff in 
areas away from faults are most likely the result of deposition on an 
irregular surface of andesite. The central altered portion of the 
andesite appears to have been an especially prominent paleohighland 
since the surrounding tuffs dip away from, and are not present within, 
this area (Plate 1).
ALTERATION
HYDROTHERMAL ALTERATION
Classification of the altered rocks at McGinness Hills is based 
on the presence of a relatively abundant characteriStic mineral, and 
the label applied to each assemblage refers to this mineral in some
fashion. Features such as quartz veining, brecciation, and
chalcedonic cementation of breccias are dealt with in the
mineralization section.
> _j O “t> the alteration contacts shown on Plates 3 and 4 are
gradational. The alteration patterns on these plates show the general 
trend and extent of the specific zones, but patchy areas of the other 
alteration types, typically of a lower rank, are invariably present 
within a particular zone.
The alteration patterns in the McGinness Hills show that two 
distinct hydrothermal fluids were active in the area: a relatively 
acid, sulfate-rich and potassium-bearing fluid producing quartz- 
alunite and associated alteration in the northern map area; and a more 
alkaline and sulfate-poor fluid that formed quartz-adularia and 
related alteration in the southern area. Potassium-argon age 
determinations show that hydrothermal systems of greatly different age 
were responsible for these two alteration types (Table 2). These 
mineralogic and age differences provide the basis for the distinction 
made between the northern and southern map areas throughout this 
report; the boundary for this division generally coincides with the 
major northwest-trending fault.
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TABLE 2. Radiometric Age Determination Data1




SCC/gm x 10"5 age (m .y.)




13.2 0.058 2.2 + .4
19.4 0.061
9.1 0.063
47,050 N., 48,850 E. 7.79
(adularia) 7.81
28.0 0.093 3.2 + .4
12.5 0.100
20.0 0.100






0.656 34.8 + 1.7
0.677
 ̂ Constants used in calculations are IUGS recommended standards 
(Dalrymple, 1979).
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The alunite age determination appears reasonable since the tuff 
along the northeastern map area is only mildly argil!ized whereas the 
underlying andesite is intensely altered. The alteration of the tuff 
here is probably related to fluid movement along the tuff-andesite 
contact during the life of the younger hydrothermal system. The 
coarseness of the alunite in the sample used for the age determination 
(as much as 2.0 mm in maximum diameter), and its intimate intergrowth 
with quartz of densely silicified rock strongly suggest that it is of 
a hypogene origin. At the very least, this age determination can be 
considered a minimum since minerals may tend to lose excess argon, and 
therefore give erroneously young K-Ar age determinations, but the 
opposite is unlikely.
The silicification of the alluvium, and the generally undissected 
nature of the sinter in the southern area, supports the view that the 
southern hydrothermal system is relatively young, and the average 
radiometric-age of 2.7 m.y. seems reasonable.
Hydrothermal Alteration in the Northern Map Area 
Alunite Zone
Rock of the alunite alteration zone is present exclusively 
within the andesite of the northern area. The rock is commonly gray 
to grayish-tan. Porphyritic and agglomerate textures of the original 
andesite are locally preserved, but the rock is commonly so highly 
leached or silicified as to obliterate the original textures. Where 
the textures have been preserved, tan alunite or white masses of 
kaolinite and illite have commonly shown pseudomorphous textures after
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the original phenocrysts and breccia fragments (Fig. 7).
The alteration mineral assemblage is dominated by quartz and 
alunite, but kaolinite is common, and illite, cristobalite, fluorite, 
rutile, topaz and zunyite occur locally. The alunite occurs as laths 
ranging in size from £0.03 - 2.0 mm in maximum diameter, but is most 
commonly 0.5 - 0.1 mm in maximum diameter. The alunite occurs both 
as finely-matted and coarsely-crystalline aggregates in both the 
groundmass and former phenocryst sites, but is typically coarser and 
more highly concentrated where it occurs after plagioclase (?) 
phenocrysts or after breccia fragments. The illite is commonly 
concentrated in the phenocryst sites, and is commonly partially 
replaced by alunite. The zunyite occurs as irregular patches
concentrated within the former phenocryst sites, and may contain 
and/or be in close proximity to the fluorite; fluorite was not seen 
except in association with the zunyite. The rutile occurs as
disseminated grains, and the cristobalite as late cavity fillings.
It is typically difficult to differentiate between the phenocryst 
sites previously occupied by the plagioclase and pyroxene within the 
alunitized andesite, but the latter may locally be discerned by 
leucoxene-rich masses. The groundmass of the altered rock consists of 
a mosaic of microcrystalline quartz, typically about 0.1 mm in 
diameter, and variable amounts of the other minerals. The quartz 
contains abundant minute fluid inclusions, clay, and opaques (Fig. 7). 




On the alteration map (Plate 3), two types of silica alteration 
are shown: one type is associated with al uni tic alteration in the 
northern portion of the map area, and the other is associated with K- 
feldspar alteration in the southern map area.
The silica-zone assemblage of the northern area is dominated by 
quartz with locally abundant topaz and hematite, and minor illite, 
kaolinite, alunite, and rutile (Fig. 8). The degree of si 1icification 
in rocks of the northern area varies from a slight replacement of the 
rock to zones where dense gray silica replacement has destroyed the 
original rock texture, and where surfaces commonly are heavily coated 
with iron oxide. Some of the silicified andesite contains leach 
cavities that appear to be after phenocrysts. The secondary quartz 
in the northern area is typically 0.01 mm in diameter. The topaz most 
commonly occurs as aggregates in irregular patches, and is typically 
green and ^0.02 mm in diameter; most of the topaz occurs within leach 
cavities. Pyrite is extremely rare and there is no evidence for 
remnant casts in most of the silicified rock. Veins of rutile as wide 
as 1 cm are present in the silica zone at 49,000 N, 51,000 E.
The linear nature of many of the silicified ribs in the northern 
area suggest that they follow structural zones, but the local and 
spotty distribution of breccias and slickensided rock suggest that the 
structures were both faults and joints. Outcrops within the silica 
alteration zone are typically more densely silicified than the subcrop 
zones which, in turn, are more densely silicified than the surrounding 
float (Plates 1 and 2).
FIG. 8. Photomicrograph of silicified andesite from 
the northern map area under plane light. Topaz occurs as 
aggregates of crystals of moderate relief in the rock 
cavities (T).
36
m i  tic Zone
The rock of the illitic alteration zone is confined to the 
andesitic unit. This alteration zone commonly consists of a mixture 
of i11ite and kaolinite, and is defined as any rock sample that gives 
a well-defined illite x-ray pattern, and any specimen that appeared to 
contain abundant illite under hand-lens inspection. The altered rock 
is typically light gray to white, and the original porphyritic texture 
of the andesite is locally preserved as white, illite-rich 
pseudomorphs after the former phenocrysts, but is commonly obscured 
by the alteration.
The mineral assemblage of the illitic zone consists dominantly of 
quartz and illite; locally abundant kaolinite; minor leucoxene, 
hematite, specularite, alunite and jarosite, and rare montmorillonite, 
Cristobalite, and pyrophyllite (Fig. 9). The illite occurs in 
variable amounts in both the former groundmass and phenocryst sites. 
The phenocryst sites are typically rich in fine-grained illite with 
variable amounts of kaolinite and minor quartz, opal, and al unite. 
The groundmass of the altered rock consists of fine-grained mosaics of 
quartz, commonly £ 0.01 mm in diameter, with variable amounts of 
disseminated illite, kaolinite, and hematite. Disseminated 
specularite is locally abundant, occurs as 0.05 - 0.1 mm grains, and 
is typically surrounded by a rim of red hematite where it is not 
intimately intergrown with quartz (Fig. 10). The jarosite occurs as 
very fine-grained microcrystalline aggregates in veinlets and open 
spaces. Veinlets of very fine-grained quartz are present locally, and 
irregular patchy aggregates of inclusion-rich quartz with undulose
3 7
0.5 mm
FIG. 9. Photomicrograph of illitically altered andesite under 
crossed nicols. The illite has the yellow to blue interference colors, 
the quartz gray. Note how the illite is concentrated within the former 
phenocryst sites. The illite in this sample is unusually coarse grained.
0.5 mm
FIG. 10. Photomicrograph of illitically altered andesite under 
crossed nicols and reflected light. Specularite (S) may be hypogene.-
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extinction are locally common. It is difficult to differentiate the 
former plagioclase and pyroxene phenocryst sites, but some samples 
contain patchy areas with high concentrations of hematite and 
leucoxene, and these may be after original pyroxene.
Argil lie Zone
The argillized andesite of the northern area, typically white and 
soft, consists dominantly of kaolinite and montmorillonite, with 
minor illite, alunite, jarosite and cristobalite. Samples of 
argillized andesite from drill core from the southern area typically 
contains as much as one percent pyrite. It is difficult to determine 
whether this pyrite was produced by the older or younger hydrothermal 
system; this question will be explored in the discussion section at 
the end of this chapter. There is a general zonation of the clay 
minerals in the argillized andesite associated with the northern 
aluni tic terrain, with montmorillonite occuring peripheral to 
kaolinite.
Hydrothermal Alteration in the Southern Map Area 
Potassium Feldspar Zone
The potassium feldspar zone of alteration, present only in the 
southern map area, is characterized by the presence of quartz and 
adularia, with minor illite, clays, and pyrite. The adularia most 
commonly occurs as adularia-rich layers within banded quartz veins in 
the tuff and andesite, but is present locally as a replacement of the 
tuff; the adularia is chalky-white in both occurrences.
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The zones of adularia replacement of the tuff are typically near 
areas of banded quartz-adularia veins and intense si 1icification, and 
are generally near structural feeder zones. As a replacement mineral 
the adularia typically occurs as concentrations of crystals about 
0.05 mm in diameter that commonly have a slight, pervasive clay
alteration (Fig. 11).
Silica Zone
The silica assemblage of the southern area is dominated by quartz 
with highly variable amounts of pyrite, locally as much as 5-10
percent, and minor illite, adularia, and clays. The degree of 
si 1 icification varies from slight to a near-total replacement of the 
original rock. The si 1icification typically preserved the original 
rock textures, although texture destruction is present locally. The 
grain size of the secondary quartz is highly variable, but is commonly 
<0.05 nrn. Silica alteration in the southern area closely parallels 
the main structural feeder zones.
Argil lie Zone
The argillic alteration of the tuffs in the southern area is much 
less intense than that in the surrounding andesite, and consists 
dominantly of montmorillonite with variable amounts of kaolinite. The 
argillized Tertiary alluvium locally contains appreciable secondary 
silica, but only areas which have undergone a dense, pervasive 
si 1icification have been placed in the silica zone.
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0.5 mm
FIG. 11. Photomicrograph of potassium feldspar (adularia) 
alteration in tuff from the southern map area under crossed 
nicols. The adularia has been stained yellow with sodium 
cobaltinitrite. The mineral with gray interference colors 
is quartz. Note how the groundmass of the tuff has been 
completely recrystallized. The glassy groundmass of the 




The fine-grained nature of the jarosite in the northern area, and 
its occurrence in irregular fractures and vugs suggests that it is a 
product of supergene alteration. The hematite and some of the
kaolinitic alteration in this terrane may also be supergene. The 
iron-oxide staining of the rock in the southern area is undoubtedly 
related to pyrite oxidation, and some of the kaolinite in this area is 
also probably related to supergene processes.
CHEMICAL CONDITIONS OF HYDROTHERMAL ALTERATION 
As discussed by Hemley and Jones (1964), the hydrothermal 
alteration of minerals is well explained as a function of hydrogen 
metasomatism. The metasomatic reactions take place due to an 
imbalance between the cation/H+ activity ratios of the fluid, and that 
of the original mineral. Reference to the figures following in this 
section will show that the characteristic mineral species of each 
alteration assemblage in the McGinness Hills form under relatively 
distinct conditions, and that a change in fluid temperature, pressure, 
or chemistry causes a concomitant change in the alteration mineralogy.
Chemistry of the Hydrothermal Fluids 
As noted by Meyer and Hemley (1967), aluni tic alteration 
represents extreme hydrolytic leaching of all alumina-bearing mineral 
phases. The presence of alunite-silicate alteration assemblages at 
high temperatures and pressures implies rather high acidity (Hemley et 
al., 1969). At temperatures in excess of 350 -400°C, however, the
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formation of this assemblage would be rare, since acid dissociation
and thermal stability decrease (Hemley et al., 1969); this provides a 
maximum temperature for the fluids producing the alunite alteration in 
the McGinness Hills.
At McGinness Hills, the presence of a reaction relationship of
alunite after illite, and the pervasive nature of the illitic 
alteration around the aluni tic zones suggests that the alunite most
commonly formed at the expense of illite. The reaction relationship 
between the two minerals is:
Illite Alunite Quartz
KAl3Si3010(0H)2 + 4H+ + 2S04"2 = KA13(S04)2(OH)g + 3Si02
The presence of cristobalite in the assemblage may be due to
precipitation from a fluid with metastable silica supersaturation 
produced by an intense acid attack on the rock (Hemley et al., 1980). 
The presence of topaz and fluorite denote a high activity of fluorine 
in the hydrothermal fluid, and the occurrence of zunyite implies 
locally high Cl activites. The preservation of the original textures 
of the rock would be favored by slow reaction rates and small pH 
gradients in order to promote constant-volume replacement rather than 
leaching (Hemley et al., 1980).
The occurrence of K-feldspar in the potassic assemblage generally 
implies the presence of a fluid with a higher pH than that which 
produced the aluni tic alteration (see, for example Fig. 12). 
Potassium-feldspar alteration is favored by relatively high K+/H+
FIG. 12. Stability relations for some of the important alteration 
minerals in the McGinness Hills. The diagram is for quartz saturation, 
and constant temperature and pressure (from Hemley et al., 1969).
FIG. 13. Stability relations for some of the important alteration 
minerals. Diagram is in terms of solution ion activity ratios, and is 
for 260°C, quartz present. Solid circle plots the composition of 
Broadlands, New Zealand, geothermal fluid. The arrow shows the trend of 
the fluid during boiling. Dotted lines show phase boundaries at 230°C 
(from Browne and Ellis, 1970).
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activity ratios, and as shown by Figure 13, one manner in which to 
reach these conditions is by boiling of the fluid; this mechanism will 
be discussed in detail later in this paper.
The quartz in the silica alteration assemblage is a replacement 
type. To create this type of alteration the hydrothermal solution 
must be undersaturated with the major rock components, but 
supersaturated with silica. The presence of silicification in a 
variety of mineral deposits and geologic settings suggests that this 
condition is commonly met (Meyer and Hemley, 1967); its presence in 
both the acid and alkaline alteration environments at McGinness Hills 
supports this view.
The illitic alteration assemblage at McGinness Hills is 
characterized by the presence of the 1M ("illite") structure of K-mica 
rather than the 2M ("sericite") structure. The relationship between 
these two polymorphs is, at least in part, temperature dependent: a 
transition from the 1M to the 2M structure has been shown to occur 
between 200 and 350° at 1034 bars (Yoder and Eugster, 1955). The 
minor pyrophyllite in the illitic zone may have formed from kaolinite. 
Reed and Hemley (1966) have shown that the upper stability limit of 
kaolinite is 300°C at 100 bars; at higher temperatures the kaolinite 
reacts with quartz to form pyrophyllite. The reaction relationship 
is:
Kaolinite Quartz Pyrophyllite 
A12Si205 (0H)4 + 2Si02 = Al2Si4010(°H)2 + H2°
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The i Hi tic (K-mica) alteration generally implies higher K+/H+
activity ratios in the hydrothermal fluid than either those of the
argi11ic assemblage or the alunitic assemblage (Figs. 11 and 12).
The argil lie alteration assemblage is characterized by kaolinite 
and/or montmorillonite. This mineral assemblage generally implies a 
slightly lower K+/H+ activity ratio of the fluid than the i 11 itic
assemblage (Fig. 12). Kaolinite forms under conditions of slightly 
lower Na+/H+ activity than does montmorillonite.
DISCUSSION
The center of the older hydrothermal system appears to be located 
beneath the main area of contiguous alunite-associated alteration for 
two reasons: the intensity of alteration generally decreases away 
from this area, and fluorine anomalies from soil samples are centered
on this area. The younger hydrothermal system thus appears to be
localized along the periphery of this older system. This overprinting 
makes it difficult to determine whether the argi11ic alteration and 
pyritization within the andesite beneath the sinter area (Plates 2 and
4) is a product of the younger or older "hydrothermal system. Several 
lines of evidence indicate the latter.
The argil 1ic alteration in the andesite intersected by drilling
in the southern area is pervasive, typically intense, and the rock 
contains relatively abundant pyrite. This pyrite is typically coarser 
than that present either in the altered portions of tuff, Tertiary 
alluvium, or banded quartz veins. The general lack of intense and 
widespread argil!ization and pyritization of the tuff, and the
46
difference in the size of the pyrite suggest that the andesite below 
the sinter was argillized and pyritized by the older hydrothermal 
system.
The general lack of pyrite or pyrite casts in the silica and
alunite alteration zones in the northern area probably implies that 
this mineral was typically not deposited within these zones. The 
absence of pyrite in the alteration zones surrounding the silica and 
al unite zones is probably the result of supergene oxidation,
especially since the andesite under the sinter area contains abundant 
pyrite that appears to have been produced by the older hydrothermal 
system. However, the disseminated nature of the specularite in the
illitic alteration zone, often within relatively well-si 1 icified rock, 
probably implies a hypogene origin for this mineral, and this would
imply the presence, at least locally or temporally, of a highly 
oxidized fluid. These fluids may have destroyed much of the original 
pyrite within the rock. The fluids producing the alunite alteration 
may also have been strongly oxidizing, and therefore destroyed much of 
the original pyrite.
There is a conspicuous absence of propylitized andesite in the 
McGinness Hills area, either at the surface or in drill core. At the 
surface, there is commonly a rather sharp boundary between fresh and 
argillized andesite (Plates 1 and 2). Some of the surficial 
argillized andesite was probably originally propylitically altered, 
but subsequently argillized by supergene sulfuric acid produced by 
pyrite oxidization.
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GEOCHEMICAL ANOMALIES IN THE McGINNESS HILLS
Within the northern area, alteration and the introduction of 
minor elements is most intense along the silicified zones. The
secondary element enrichment primarily consists of relatively high 
fluorine contents with scattered molybdenum and tungsten anomalies. 
Since this area typically contains extremely low base- and precious- 
metal values it will not be described further.
Geochemical anomalies in the southern area of McGinness Hills are 
centered along north-trending structural zones and, in general, lessen 
with distance away from these zones. Within these structures the
highest concentration of metals are located in quartz veins and 
silica-cemented breccias, and in the silica and quartz-adularia 
alteration assemblages. Three main stages of silica introduction are 
recognized: an early brown chalcedony event; a middle gray-to-black
chalcedony event; and a late clear- to white-quartz event; these 
stages appear to locally overlap. Replacement si1icification is best 
developed around the last two types of introduced silica.
DESCRIPTION OF THE SILICA PHASES
The brown chalcedony consists of brown cryptocrystalline silica 
that commonly contains a microscopically irregular contorted banding 
(Fig. 14). This banding may have been formed by flowage of a viscous
silica gel phase. The chalcedony is locally cut by an irregular
network of fractures (Fig. 15) that may be related to dehydration of 
the gel (opal) phase during crystallization to chalcedony.
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0.5 mm
FIG. 14. Photomicrograph of brown chalcedony under plane light.
Note flowage features in the silica; these may be indicative of movement 
of a viscous silica gel.__Also note crosscutting quartz veinlet.
0. 5 mm
FIG. 15. Photomicrograph of brown chalcedony cut by irregular 
cracks; under plane light. This cracking may be due to shrinkage during 
crystallization of primary opal to chalcedony.
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The brown chalcedony typically cements hydrofractured breccias 
(Fig. 16); the surrounding wall rocks are typically mildly argillized 
and silicified. The brown color of the silica matrix is produced by 
abundant cryptocrystalline disseminated iron oxide, but minor 
disseminated pyrite occurs locally. This silica phase represents 
multiple episodes of silica deposition as evidenced by brecciated 
inclusions of brown chalcedony in later brown chalcedony. However, 
most of these inclusions are "rip-ups" of vein material in vein 
material, and not large transported and tumbled veined breccia clasts 
within brown chalcedony of a later event, and therefore probably
represent relatively weak multiple mineralizing pulses that were 
restricted to the extant fluid pathways. Silica of this event may
occur as much as several hundred feet away from the main structural
zone it is related to. The hydrofractured breccia bodies may be 
highly irregular, small and anastomozing, or occur in large pervasive 
zones.
The black chalcedony is typically crypto- to microcrystalline, 
contains abundant (as much as 10%) disseminated pyrite that is often 
megascopic, and commonly possesses contorted banding like that present 
in the brown chalcedony (Fig. 17). The black chalcedony commonly
occurs as relatively linear veins as much as several inches wide, but 
is also present as breccia-matrix cement (Figure 18). Silica is 
locally pseudomorphous after lamellar calcite.
Black chalcedony cuts the brown chalcedony (Fig. 19), and 
although this relationship is commonly hard to discern, the opposite 




FIG. 17. Photomicrograph of black chalcedony under crossed nicols 
and reflected light. Note the abundant pyrite and the banding of the 
silica; the banding may be due to fTowage of a viscous silica gel.
FIG. 18. Black chalcedony veins cutting tuff of map unit Ttqs.
Note relatively linear nature of the veins in comparison to the specimen 
shown in Figure 16.
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chalcedony vein material within later black chalcedony veins shows 
that there were multiple pulses within this particular silica event. 
However, the multistage breccias within the veins have the same 
character as those of the brown chalcedony, and therefore also 
probably represent relatively weak multiple mineralizing pulses. The 
black chalcedony is most common near the main structures, especially 
the more linear vein-types of silica, but it may occur as much as 
several hundred feet away.
The last silica phase introduced into the southern area of 
McGinness Hills consists of quartz veins containing white to clear, 
locally vuggy, micro- to macroscopic-crystalline quartz that may be as 
much as 1 mm long in vugs. Individual quartz veins range from < 0.05 
mm to 2.0 mm wide, but may occur in banded layers as much as 4 inches 
thick (Fig. 20), and may locally occur as massive, irregular bodies. 
The quartz veins contain variable amounts of pyrite (typically < 2 
percent), and locally contain quartz pseudomorphed after lamellar 
cal cite, dark layers probably containing some silver sulfide and/or 
sulfosalt mineralization (based on geochemical data), and when hosted 
by the andesite, they locally contain stibnite and green fluorite. 
Both the stibnite and fluorite are paragenetically late, but some of 
the fluorite is cut by quartz veinlets.
The banded quartz veins typically contain anhedral grains of 
adularia 0.01 - 0.1 mm in diameter concentrated in layers 0.2 to 1.25 
mm wide. The quartz-rich layers in the veins are as much as 2.5 mm 
wide and contain crystals of quartz from <0.01 - < 0.4 mm long; the 
coarser quartz occurs as late vug fillings. Late-stage quartz-

55
adularia veinlets commonly crosscut the banded veins. Banded quartz- 
adularia veins similar to those described above occur nearly all the 
way to the paleosurface, the shallowest being found approximately 30 
feet below sinter. Some of the quartz veins obtained from drill core 
are surrounded by a pink, bleached selvage where they cut the black 
pyritized and silicified alluvium, thus showing that these particular 
veins were not pyrite stable. At depth within the andesite, the 
quartz veins locally contain bands of mixed layer illite- 
montmorillonite.
The quartz veins crosscut the brown and black chalcedony (Fig. 
21), and represent numerous distinct pulses of silica as evidenced by 
the banded nature of the veins, and by locally abundant crosscutting 
quartz veinlets. The quartz phase of silica introduction is more 
localized around the faults than either the brown or black chalcedony, 
and is much more well-developed in these zones than elsewhere.
Paragenesis of Sinter
The paragenetic relationship of the sinter to the silica veining 
is not clear. Although the sinter is cut by irregular white quartz 
and chalcedony veins, and at least locally near the base by black 
pyritic silica, these veins are not clearly related to the three main 
stages of silica introduction previously discussed. The geochemistry 
of the sinter is distinctly different than the geochemistry of the 
three main types of silica veining, and this may imply that the sinter 
was produced by a separate, and necessarily early silicification 
episode. In this scenario, the alteration effects related to
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this sinter-forming stage would have been obliterated by the three 
later main stages of silica veining. However, these veins could also 
belong to the late white quartz vein stage, thus making the sinter
formation a relatively late phenomena.
The author believes the sinter formation is a late stage event 
for the following reasons: it is generally horizontal and not
faulted; the underlying alluvium has locally been intensely brecciated 
and silicified by pyritic silica while the overlying sinter is largely 
unaffected; and it seems necessary to seal the alluvium in some manner 
before the thermal fluids would be able to rise to the surface. The 
black pyritic silicification of the alluvium may represent a sealing 
episode, while the crosscutting quartz veins may represent deposits
from the fluid which formed the overlying sinter terraces. The reason 
for the discrepancies between sinter and quartz vein geochemistry is 
not clearly understood, but may be the result of: partitioning of 
elements between the vapor and 'liquid of the boiling fluid which 
produced the banded quartz veins, with the volatile constituents 
moving up and concentrating at the paleosurface; precipitation of 
specific elements as a result of boiling; a general chemical zonation 
of the fluid; and differences in host rock reactivity. The first
three of these mechanisms will be discussed in detail later in this 
paper.
Hydrothermal Breccia
Hydrothermal brecciation is coiraion in the areas affected by the 
younger hydrothermal system, and appears to be restricted to areas
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where this system was active. There is considerable variation in the 
appearance of the hydrofractured breccias in the McGinness Hills area. 
Most of the hydrothermally-brecciated tuffs appear similar to the 
specimen shown in Figure 16. However, some of the hydrofractured 
breccias contain abundant pebble- and cobble-size clasts of chert and 
quartzite set in a silica-rich and locally pyritic matrix. The 
general lack of this type of breccia within the andesite of the 
southern area suggests that the clasts were derived from the alluvial 
units intercalated in the tuff sequence. The hydrothermal breccia 
bodies are locally present as small fingerlike projections whose 
surficial expression are easily mistaken for boulder size pieces of 
float; trenches cut into these zones have shown that they are indeed 
chimneys of hydrothermal breccia.
PATTERNS OF GEOCHEMICAL ANOMALIES
Tables 3 and 4 provide geochemical data from the fresh andesite 
and tuff at McGinness Hills. The consistent discrepancy of the 
fluorine and mercury values obtained for the first sample of each set 
compared with that for the others is most likely the result of 
laboratory error, since the specimens were submitted in two separate 
suites several months apart. This is supported by the values obtained 
for the andesite samples: these samples were collected very near each 
other and were completely fresh, yet they mimic the geochemical 
patterns of the sample batches with which they were submitted.
Table 5 gives the geochemical analyses for selective sampling of 
the different silica types. The brown chalcedony samples are all
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TABLE 3. Trace Element Analyses of Unaltered Andesite
________ Tad__________
1 2 3  Mean
Au4 10. <5. <5. <5.
Ag 0.2 0.2 0.2 0.2
As 4. <2. <2. 2.
Sb <2. <2. <2. <2.
Hg 20. 120. 125. 88.
F 785. 375. 495. 552.
W - <2. 3. <2.
Cu - 6. 3. 5.
Mo - 3. 2. 3.
Pb - 4. 4. 4.
Zn 41. 39. 40.
 ̂ Sample location: 43090.3 N., 52292.5 E.
 ̂ Sample location: 42977.5 N., 51572.5 E.
 ̂ Sample location: 42435.0 N., 50362.8 E.
4
All analyses in ppm except Au and Hg which are in ppb.
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TABLE 4. Trace Element Analyses of Unaltered Specimens of the
Bates Mountain Tuff
Ttp______ Tts Ttqs Ttq
1_____ 2_____ 3 4____ 5 6 7 Mean
Au^ <5. <5. <5. <5. <5. <5. <5. <5.
Ag 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2
As 3. 5. 9. 3. 3. 4. 2. 4.
Sb 22. 5. 5. 12. <2. <2. 3. 7.
Hg 15. 60. 50. 15. 70. 15. 90. 45.
F 540. 165. 105. 775. :165. 420. 150. 331.
W 2. 4. - 2. 2. 3.
Cu 2. 4. - 1. - 1. 2.
Mo 2. 3. - 2. 1. 2.
Pb 7. 11. - 4. 7. 7.
Zn 25. 75. - 40. 47. 47.
1 Sample location: off map, i n E± Sec. 25, T. 20 N., R. 45 E.
2 Sample location: 41697.4 N., 51096.8 E.
3 Sample location: 40768.3 N., 50413.0 E.
4 Sample location: off map, i n E± Sec. 25, T. 20 N., R. 45 E.
5 Sample location: 42218.3 N., 51375.0 E.
6 Sample location: off map, i n E± Sec. 25, T. 20 N., R. 45 E.
7 Sample location: 42392.9 N., 51675.6 E.
8 All analyses in ppm except Au and Hg which are in ppb.
TABLE 5. Trace Element Analyses of Selected Samples of S i l i c a  Types
Brown Chalcedony Black Chalcedony Quartz
Mean . N Mean N Mean N
Au1 54. 4 160. 8 337. 13
Ag 1.6 4 5. 8 42.0 13
As 22. 4 86. 8 49. 13
Sb 9.8 4 25. 3 33. 13
Hg 1203. 4 747. 3 371. 10
F 270. 4 276. 3 1952. 11
All analyses in ppm except Au and Hg, which are in ppb.
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from one locality, and therefore not statistically representative of 
the McGinness Hills area as a whole; however, the generally lower 
level of precious-metal values relative to the other phases of silica 
is consistent with geochemical data from non-selective sampling of 
this silica type. Samples of the other types of silica were collected 
from various localities, including drill core. Although the sample 
population is small, the gross trends are distinct and generally 
consistent. Overall, there is an increase in metal contents for all 
elements in the later types of silica with two exceptions: the
arsenic trend is reversed between the black chalcedony and white 
quartz, and the trend for mercury is completely reversed: it
decreases in the later types of silica.
The brown chalcedony is relatively barren geochemically barren 
for anomalous mercury contents. The black chalcedony contains 
significantly higher gold values than the brown chalcedony, with the 
black type containing from 50 to 300 ppb gold. The quartz veins have 
the highest precious-metal contents of the three silica types, but the 
values are highly erratic: gold values in the quartz veins range 
from approximately 50 to 1000 ppb, and silver values vary from about 3 
to 200 ppm. Silicified tuff adjacent to silica veins is conmonly 
geochemically anomalous, but generally contains much lower contents of 
precious metals than the veins. The Au:Ag ratio for all of the 
geochemically anomalous rock-chip samples taken from the southern area 
of the McGinness Hills is between 1:25 to 1:50 for most specimens.
There is a general positive correlation between the Au, Ag, As, 
Sb, Hg and F values in rock-chip samples taken from the southern area
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of McGinness Hills. Scatter diagrams of both gold and silver versus 
pathfinder elements were made using both arithmetic and log values of 
the geochemical data. These graphs generally show a crude positive 
correlation between the elements, but none show any linear or other 
well-defined relationship.
Cumulative frequency curves of the geochemical data obtained from 
rock-chip samples (Figures 22 through 27) show that Au and Ag contents 
vary strongly as a function of lithology. The absence of precious 
metals within altered andesite from the northern area is particularly 
striking, as is the general enrichment of precious metals within the 
quartz veins of the southern area relative to the other rock types. 
The data for arsenic (Figure 24) show that the quartz veins, the tuff- 
hosted samples, and the andesite-hosted samples from the southern area 
all contain remarkably uniform distributions of this element. The 
sinter deposits in this area are strikingly depleted in arsenic, and 
the andesite from the northern area has a unique distribution. The 
Sb data (Figure 25) show the same general characteristics as the As 
data, but the sinter is more highly enriched with this element 
relative to the other lithologies. The mercury data (Figure 26) show 
a typical metallization pattern at McGinness Hills: the greatest 
metal content is within the quartz veins, the next greatest in the 
tuff-hosted samples followed by the andesite from the southern area; 
the sinter and the andesite from the northern area typically contain 
unique geochemical patterns. The fluorine data (Figure 27) shows, an 
enrichment within the northern-area andesite relative to the other 
lithologies. The distribution characteristics of the different
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Figures 22 - 27. These figures show the geochemical populations 
for rock-chip samples of selected lithologies for specific elements. 
Detection limits (DL) are as shown. Note that due to the differing 
sizes of the sample populations, the cumulative frequency curves for 
the different rock types may begin at different values. The curves 
represent the geochemical distribution of elements in samples from 
the following lithologies:
Andesite from the northern area : 
(n for Au, F: 94)
(n for Ag, As , Sb , lig: 48)
Andesite from the southern area : 
(n=37)


















































































9 9 . 9 0
9 9 . 0 0
9 3 . 0 0
8 0 . 0 0  
5 0 . 0 0
20.00








































TABLE 6. Relative Metal Contents of Selected Litholigies
Rock Type
Relative Metal Content
(in order of decreasing concentration)
Southern area quartz veins 
Southern area tuff 
Southern area sinter 
Southern Area andesite 
Northern area andesite
F, As, Ag, Sb, Hg, Au 
F, As, Sb, Ag, Hg, Au 
F, Sb, As, Ag, Hg, Au 
F. As, Sb, Ag, Hg, Au 
F, As, Sb, Hg, Ag, Au
TABLE 7. Relative Concentration of Metals in Selected Litholigies
Element Relative Concentration (in order of decreasing
content) 1
Au SQV, SAT, SAA, SAS, NAA
Ag SQV, SAA, SAT, SAS, NAA
As SQV, SAT, SAA, NAA, SAS
Sb SAS, SAQ, SAT, SAA, NAA
Hg SAQ, SAT, SAA, SAS, NAA
F NAA, SAQ, SAA, SAT, SAS





Southern area quartz veins 
Southern area tuff 
Southern area andesite 
Southern area sinter 
Northern area andesite
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elements and rock types are summarized on Tables 6 and 7.
Table 7 shows that the rock samples from the southern area of
McGinness Hills contains higher concentrations of Au, Ag, As, Sb and 
Hg, and lower contents of F than do samples from the northern area. 
Geochemical data not given show the presence of scattered Mo and W 
anomalies in the northern area. The geochemical difference between
these two areas reflects the juxtaposition of the two geochemically 
different hydrothermal systems of different age. The unique 
geochemical pattern of the sinter relative to the other lithologies of 
the southern area is probably due to it being a primary surficial
deposit rather than a product of alteration.
Sinter geochemistry at McGinness Hills appears to vary according 
to the character of the unit (Table 8). A crude increase in the 
contents of most metals can be seen from the opaline sinter through 
the chalcedonic sinter to the feeder breccias, but the sampling is 
much too limited to make detailed conclusions. This increase would, 
however, be nicely explained by the increasing fluid flow
characteristic of this progression.
The sinter cap at 45,480 N., 48,520 E. (Plate 1) was selectively 
sampled to determine if nearby mineralization was reflected in sinter 
geochemistry: veins along the structure to the north Tocally contain 
as much as 1000 ppb gold. As can be seen from the samples labeled 
"sinter" and "feeder" (Table 8), the data show no significant leakage 
of mineralization.
Three samples of Pre-Lousetown chalcedonic sinter from Steamboat 
Springs, Nevada, were collected from the Sinter Hill area (White,
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TABLE 8. Trace Element Analyses of Selected Sinter Samples
Sample Type Aul Ag As Sb Hg F
McGinness:
Pourous Opaline Sinter: 10 0.2 4 28 30 430
<5 0.2 6 23 1825 30
15 1.4 4 15 100 185
5 0.2 13 100 45 690
Mean: 8 0.5 7 42 500 334
McGinness:
Dense Chalcedonic Sinter: <5 0.2 3 40 50 80
80 1.0 4 40 70 123
20 0.2 <2 43 40 <20
120 0.2 105 95 205 50
10 0.6 5 32 25 50
65 0.2 3 42 20 <20
<5 0.2 4 45 105 530
20 0.2 3 55 30 100
Mean: 40 0.4 16 49 68 119
McGinness:
Silicified Feeder Breccia: <5 0.2 5 53 <5 <20
25 0.2 67 67 50 655
225 4.4 5 97 60 465
20 0.2 3 51 45 195
Mean: 68 1 20 67 39 331
McGinness:
Samples from 45,400 N., 
48,520 E.:
Sinter: 20 0.2 3 55 30 100
Feeder breccia: 20 0.2 3 51 45 195
Steamboat Springs:
Pre-Lousetown Chalcedonic
Sinter: 345 0.5 3 890 >5000 30
20 0.2 2 500 >5000 <20
50 0.3 105 3005 >5000 20
1
All analyses in ppm except Au and Hg, which are in ppb.
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1964). The difference in the composition of these samples and the
McGinness Hills samples is striking (Table 3). The Steamboat Springs 
samples contain markedly higher contents of antimony and mercury, and 
much lower contents of fluorine. These differences are certainly a 
function of the chemistry of the parent hydrothermal fluids. The
elevated fluorine in the McGinness Hills sinter probably reflects the 
enriched fluorine content of the underlying andesite, which was 
produced by the older hydrothermal systems.
Geochemical anomalies in soil samples from McGinness Hills show 
several interesting features (Figures 28, 29 and 30). Gold anomalies 
closely follow the eastern fault zone (Figure 28), and geochemical 
patterns not provided for Sb and As show this same trend. This
pattern underscores the importance of structural zones in localizing 
geothermal fluids, and therefore associated mineralization. 
Geochemical data for Ag was not given since only three- samples
contained detectable quantities of this metal, which was clearly 
leached during weathering.
The distribution of the Hg anomalies in the soil are slightly 
different than the gold-associated suite of elements (Figure 29), 
with the Hg more highly anomalous in the sinter than elsewhere. The 
enrichment within the sinter may reflect vapor transport of Hg to the 
paleosurface, with subsequent concentration in the growing sinter
terrace. It is interesting to note, however, that in the rock chip 
data (Table 7), Hg values are lower in sinter samples relative to 
other lithologies. This reversal is also present in the Sb data: the 
rock chip data show enrichment within the sinter Table 7, whereas the
7 2
FIG. 28. Distribution of gold anomalies in the soil. Hatched 
pattern represents gold values^60ppb; the outer contour is drawn at 
a gold concentration of 15 ppb. Route 21 and the major faults and 
hilltops shown for reference to Plate 1.
FIG. 29. Distribution of mercury anomalies in the soil. Hatched 
pattern represents mercury values ^ 100 ppb; the outer contour is drawn 
at a mercury concentration of 51 ppb. Route 21 and the major faults 
and hilltops shown for reference to Plate 1.
FIG. 30. Distribution of fluorine anomalies in the soil.
Hatched pattern represents fluorine values ^  3000 ppm; the outer 
contour is drawn at a fluorine concentration of 1000 ppm. Route 21 
and the major faults and hilltops are shown for reference to Plate 1.
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soil anomalies mimic the gold pattern. There is no ready explanation 
for these differences.
The distribution of F within the soil shows the disinct 
geochemical difference between the northern and southern areas (Figure 
30). When viewed in conjunction with Figures 28 and 29, the 
geochemical distinction between the two separate hydrothermal systems 
is readily apparent. The closure of the F anomalies in the north may 
also imply that this area is the center of the older hydrothermal 
system.
VERTICAL GEOCHEMICAL ZONATION
Figure 31 shows the distribution of selected elements with depth 
for drill core obtained from near the top of the main sinter terrace. 
The changes in metal content with depth appear to be affected by a 
change in the host-rock unit, but a general zonation with depth, 
probably related to changes in fluid chemistry, and changes related to 
the presence of quartz-veins as opposed to replacement si 1 icification 
also appear to be important. The latter control is exemplified by the 
restricted high values of Cu, Zn, and W at about 212 feet. In this 
interval stolzite (PbW04), probably near the scheelite end of the 
solid-solution series, occurs in a quartz vein with high contents of 
copper and zinc. Another example is provided by the high precious- 
metal values from 172 - 192 feet, which reflect the presence of a 
vertical, banded quartz-chalcedony vein.
Overall, gold is enriched in all the rock units within the core, 
but first becomes significant at a depth of about 410 feet, and
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FIGURES 31 and 32. For reference to Figures 31 and 32, the 
geochemical detection limits for the elements are given below.
If an element was reported to be below this value in a sample, then 
a value was assigned to it for computational purposes; this value 
is also provided below.
ELEMENT DETECTION LIMIT ASSIGNED VALUE
Au 5.0 ppb 1.0 ppb
Ag 0.2 ppm -
As 2.0 ppm 0.4 ppm
Sb 2.0 ppm 0.4 ppm
Hg 5.0 ppb 1.0 ppm
F 20.0 ppm 4.0 ppm
Cu I/O ppm -
Mo 1.0 ppm -
Pb 2.0 ppm 0.4 ppm
Zn 1.0 ppm -
W 2.0 ppm -
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FIG. 31. Bar graphs showing metal content versus depth for core obtained from near the top of the main s i n : e r  terrace. N°te the dist columnar 
vertical metal zonation; see text for discussion. Also note the sharp change in alteration °
section displays, diaarammatically, the location and relative intensity of brecciation the second sect,on disp ay , ,
of quartz veins greater than one inch wide. Note that the vertical scale is not un • ,< ion imi- indicate y
the location
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becomes particularly well developed in the silicified alluvium. 
Significant silver values are restricted to the silicified alluvial 
unit. Mercury values correlate well with gold, and this element may 
be somewhat depleted in the andesite and slightly so in the tuff. 
Arsenic is enriched at the top of the andesite, and again at the 
bottom of the silicified alluvium, but then the values generally taper 
off toward the surface. Antimony is strikingly enriched upward, 
particularly in the sinter. Fluorine is highly enriched in the 
andesite and tapers off strongly upwards. This enrichment is probably 
due to the reaction of fluorine with calcium from the andesite to form 
fluorite, which is a common late stage mineral within the quartz 
veins in this zone. The slightly elevated levels of copper in the 
silicified alluvium may be due to minor variscite and turquoise 
detritus derived from erosion of mineralization of this type from the 
Toiyabe Range to the west. Molybdenum is mildly anomalous throughout, 
but decreases slightly above the middle portion of the silicified 
alluvium. Lead is strongly enriched in the core from the deeper 
portions of the drill hole, and zinc is mildly enriched in this zone. 
Tungsten is mildly enriched upwards, and may be locally depleted in 
the tuff and andesite.
To better define the vertical geochemical trends presented above, 
a series of metal ratios were generated (Figure 32) This figure
emphasizes the fact that gold tends to be enriched strati graphically 
higher than either the arsenic, or mercury. It also emphasizes the 
enrichment of mercury and antimony stratigraphically above the more 
arsenic-enriched middle and lower zones of the core.
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FIG. 32. Bar graphs showing metal ratios versus depth for some of the data presented in FiQwre ^  
ratios were calculated using ppm metal values. Note the enrichment of Au above Ag, As, and Hg en
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PROCESSES OF ALTERATION AND MINERALIZATION IN THE 
HOT SPRING ENVIRONMENT
This section will give an overview of the chemistry, character, 
and mineralization processes active in geothermal systems. The 
presentation of the model here is designed to put the previously- 
described geologic features of the McGinness Hills area into context, 
and it will also be used during the discussion of the alteration and 
geochemical patterns present within the study area. Only the southern 
area of the McGinness Hills will be modelled and discussed in detail 
since this is the only terrane containing significant metallization.
CHEMISTRY AND HYDROLOGY OF GEOTHERMAL SYSTEMS 
Most geothermal systems are located in areas of recent or active 
volcanism, and are commonly driven by a shallow to deeply-buried 
intrusive (Henley and Ellis, 1983). The deep high temperature 
portions of most hot water systems are alkali-chloride solutions 
within 1-2 units of neutral pH (Ellis and Mahon, 1977; Henley and 
Ellis, 1983). Where acid-sulfate type waters occur in these types of 
systems, they represent zones of oxidation of H£S to sulfuric acid 
above a subsurface boiling water table (see, for example, Schoen et 
al., 1974; Fig. 33). The rock in this acid zone is typically highly 
leached, producing a porous blanket of silica containing variable 
amounts of kaolinite and alunite. In the deeper portions of these 
systems, below the water table, the alteration is commonly 
characterized by an inner zone of K-spar alteration and deposition,
82
P R E - V O L C A N I C  B A S E M E N T
I N T R U S I V E  V O L C A N I C S
B
l o w  p e r m e a b i l i t y
S T R A T U M  E.G.  M U D S T O N E S
S T E A M - H E A T E D  ACIO S 0 4 
OR H C 0 3 W A T E R
□ N E A R  N E U T R A L  C H L O R I D E  W A T E R S  ( W I T H I N  2 0 0 °  I S O T H E R M  A P P R O X . )
T W O  P H A S E  REGI O N
W A T E R  L I QUI O + S T E A M  (4-GAS)
FIG. 33. Schematic diagram showing the principle features 
of a typical geothermal system. Convection cells of meteoric 
water are driven by heat supplied from a buried magmatic source. 
Direct discharge of the geothermal fluid at the surface will 
result in near-neutral pH chloride springs. Boiling in the upper 
reaches of the system may result in the formation of-fumaroles; 
or when the deep fluids mix with oxygenated near-surface water, 
acid sulfate bicarbonate springs may form (from Henley and 
Ellis, 1983).
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which grades outward to zones marked by illite, and then 
montmorillonite alteration (see, for example, Browne and Ellis, 1970; 
Steiner, 1977).
In some areas of recent or active andesitic volcanism, such as 
the Tatun region of Taiwan, or Matsukawa, Japan, acid waters may 
persist to great depths: pH values around 4 at depths as great as 500 
to 1000 m are present in these areas (Chen, 1970; Nakamura et al., 
1970). At Matsukawa, aluni tic alteration has been found at depths of 
700 m, and pyrophyllite with zunyite is present locally (Nakamura et 
al., 1970). The origin of the constituents for the large amounts of 
acid and sulfur present in these types of geothermal systems is still 
debated, but they may have originated from dissolution of sulfur 
deposits (Henley and Ellis, 1983), or from magmatic emanations (Ozawa 
et al., 1973).
The fluid flow in geothermal fields occurs along both primary 
aquifers, and in zones of secondary permeability such as faults and
hydrofractured breccia zones (Grindley and Browne, 1976). The 
secondary channels corranonly act as major recharge zones for the
aquifers (Grindley and Browne, 1976). Many geothermal fields are 
located along major structures , and secondary fluid flow within these 
fields is commonly localized along the structures.
Temperatures within geothermal water columns are typically near 
the boiling-point curve. Figure 34 shows the depth-temperature 
relationship of these curves for several different fluids. These 
curves show that the upper portions ( i 500 m) of these systems are














T E M P E R A T U R E  , ° C
FIG. 34. Depth-temperature relations for boiling 
solutions. The boiling-point curves are for: pure 
water (curve A); water containing 10 weight percent 
NaCl (curve B); and water containing a partial pressure 
of CO- of 10 bars (curve C) (from Fournier, 1983).
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geothermal fluid may occur at almost any level within the geothermal 
system, or not at all. At Broadlands, New Zealand, the depth of first 
boiling is calculated to be approximately 2000 to 3000 feet (Browne 
and Ellis, 1970).
Total salinity and relative ionic concentrations of thermal 
fluids vary between fields, and commonly reflect the nature of the 
host-rock lithology; the ultimate origin for many of the elements is, 
however, still debated (Ellis and Mahon, 1977; Henley and Ellis, 
1983). Isotope data suggest a meteoric origin for the water in most 
geothermal systems (see, for example, White, 1974). The deeper 
portions of most hot water systems typically reach relatively stable 
temperatures of 250-300°C (White, 1973).
SOLUBILITIES OF PRECIOUS-METAL COMPLEXES AND GANGUE
Current solubility data suggest that bisulfide complex ions are 
an important, if not the dominant, form of gold transport in fluids of 
a "typical" geothermal composition (Seward, 1973). The common close 
association of gold, arsenic, and antimony mineralization may be 
indicative of some form of Au-As-Sb complex as well (Boyle, 1969).
The bisulfide complex is such an effective transport agent for 
gold that some natural geothermal waters, such as those at Broadlands, 
New Zealand, are undersaturated with respect to gold (Seward, 1973). 
The highest solubility of gold with this complex occurs in the neutral 
pH range (Fig. 35). In this region, at temperatures > 250°C, 
decreasing pressure increases gold solubility, but below this 
temperature decreasing pressure decreases the solubility of gold
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pH
FIG. 35. Diagram shows the variation of gold solubility 
with pH in an aqueous sulfide solution in the temperature 
range of 175 - 250°C. Experimental points shown are at the 
pH of the solution at the stated temperature; pressure is 
1000 bars (from Seward, 1973).
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(Seward, 1973). Given these parameters of maximum solubility, all of 
the following will lead to destabilization of the bisulfide complex 
ion with resultant gold deposition (Seward, 1973):
1) lowering temperature
2) a change of pH in either direction
3) a rise in Eh (which lowers the amount of reduced
sulfur available for complexing)
4) a drop in total sulfur activity.
5) pressure decreases at temperatures below 250°C
6) pressure increases at temperatures above 250°C
Figures 36 and 37 summarize the most pertinent fluid chemistry, 
alteration, and gold complexing data currently available. These 
figures show that a fluid which produces adularia alteration and 
pyrite mineralization would have chemical conditions under which the 
bisulfide complex of gold would predominate. The diagrams also
illustrate how the previously-mentioned changes in the fluid chemistry 
and temperature would cause gold precipitation from the bisulfide 
complex. It should be noted that although the equilibrium and phase 
boundaries shift towards lower fO^ values with decreasing temperature, 
the general solution-mineral equilibria relationships remain the same.
In the temperature and pH ranges present in most geothermal 
systems, bisulfide complexes of silver probably predominate over 
chloride complexes (Barnes, 1979). However, no solubility data on 
silver as a bisulfide complex exists that is comparable to that 
available for gold.
250° C
FIG. 36. Summary diagram for gold solubility, alteration 
mineralogy, stable iron species, and dissolved sulfur species. Solid 
square shows average composition of Broadlands, New Zealand, geothermal 
fluids (from Lewis, 1982). Dashed lines in upper left corner are 
solubility contours for AuCl~. Dashed lines in the lower portion of 
the diagram are solubility contours for gold as a bisulfide complex 
ion (dominantly Au^S)^). The significance of points A, B, and C is 
discussed later in the text. Chemical conditions for the construction 
of the diagram are: 0.1 m NaCl; 0.1 m S; 100 ppm K; and 10 ppm Fe at 
the stated temperature (from Romberger, 1984). The arrows show the 















The solubility of silica in aqueous solutions is nearly 
independent of salinity at relative low salinities (Holland and 
Malinin, 1979) and of pH at values of pH < 9 (Krauskopf, 1979). At 
temperatures below 300°C, the solubility increases only slightly with 
increasing pressure, and is prograde with respect to temperature (Fig. 
6). Therefore, in the conditions present in most geothermal systems, 
a drop in temperature is the most effective mechanism to precipitate 
silica.
The solubility of cal cite in aqueous solution is inversely 
proportional to temperature and pH, but directly proportional to NaCI 
concentration (Holland and Malinin, 1979). The pH effect on 
solubility can be shown by the reaction:
CaC03 + H+ ^  Ca2+ + HCO 3
The solubility of cal cite increases with both increasing pressure and 
increasing concentrations of C02 (Krauskopf, 1979). The effect of C02 
variations on solubility is shown by the equation:
h2o + co2
2+CaC03 + H2C03 ^  Ca‘ + 2HC0 3
A loss of C02 from the fluid would drive the lower reaction to the 
left and result in cal cite precipitation.
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It is apparent that the solubility of cal cite depends on several 
variables. It is interesting to note that a fluid rising through the 
crust without boiling would typically undergo an increase in cal cite 
solubility, since the decrease in solubility due to decreasing 
pressure would be more than offset by the increase in solubility due 
to decreasing temperatures (Holland and Malinin, 1979). In the 
epithermal and hot spring environments, cal cite precipitation is 
probably produced by a loss of COg and other acid volatiles to a vapor 
phase (see, for example, Arnorsson, 1978).
BOILING: PROCESSES AND EFFECTS
Recent work has shown that the boiling of a hydrothermal fluid is 
an important factor in the formation of many ore deposits (KamiHi and 
Ohmoto, 1977; Buchanan, 1981). Proof of boiling lies with fluid 
inclusions that provide evidence for entrapment of the coexisting 
vapor and liquid phases (see,, for example, Roedder and Bodnar, 1980). 
However, in the hot spring environment fluid inclusions are typically 
extremely small and difficult to locate or properly examine. A cursory 
examination of quartz grains from the southern area of the McGinness 
Hills failed to locate any useable fluid inclusions. However, as 
noted by Ellis and Mahon (1977), silica sinters are a good indicator 
of high-temperature water at depth, and that they are commonly formed 
around boiling springs. Also, banded quartz-adularia veins have been 
suggested to be indicative of episodic boiling (Buchanan, 1981), and 
adularia alteration (Browne and Ellis, 1970), cal cite deposition 
(Arnorsson, 1978; Holland and Malinin, 1979), and hydrothermal
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breccias (Muffler et al., 1971) have all been suggested to be related 
to changes that occur within the fluid during boiling, and are all 
probably indicative of such an event; all of these features are 
present in the sinter area of the McGinness Hills.
A fluid may be caused to boil by an increase in temperature, a 
decrease in pressure, or an increase in the amount of volatiles 
(Kami 11i and Ohmoto, 1977). In the hot spring environment a decrease 
in pressure, probably induced by the rupture of an alteration seal, is 
probably the most common mechanism of triggering violent boiling. The 
formation of the vapor phase leads to two drastic changes in the 
liquid: it tends to lower its temperature due to the latent heat of 
vaporization required to form the vapor phase; and it changes its 
chemistry due to selective partitioning of elements between liquid and 
vapor.
A well tapping 250°C water would discharge a mixture of
approximately 70.5 percent water and 29.5 percent steam at 100°C at
atmospheric pressure, whereas water at an original temperature of
200°C would require about 19 percent isoenthalpic boiling to cool to
100°C (see appendix for calculation method). These are extreme
examples of fluids cooled completely by boiling, but they serve as
limits to the degree of boiling to be expected in the hot-spring
envi ronment.
Boiling does not even have to approach the previously-mentioned 
intensities to cause drastic changes in the fluid chemistry. During 
the conversion of the first one percent of the fluid to vapor the
liquid will lose 50 about percent of its C02 and about 30 percent of
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its I^S to the vapor; 3 percent boiling causes a partitioning of about 
80 percent of the CO2, and 60 percent of the HgS to the vapor (Ewers 
and Keays, 1977). The consequences of such chemical changes would be 
very important for metals carried as sulfur complexes, and for 002- 
dependent reactions.
Boiling causes an increase in the oxidation state of the
remaining liquid because the reduced components of major redox
reaction pairs are less soluble than their oxidized counterparts (see,
for example, Drummond, 1981). The calculations of Drummond (1981)
2_
show that in a system along the SO^ / equilibrium boundary, S =
0.01 m, initial pH = 4, that 25 percent open isothermal boiling of a
250°C fluid will raise log fo2 from about -33 to -29.5. Reference to
Figures 36 and 37 show that a shift of this magnitude would lead to a
2_
drastic lowering of gold solubility as the SO^ dominated field is
entered. This, obviously, would be a very effective mechanism to 
precipitate gold from a bisulfide complex ion.
Boiling will tend to raise the pH of the residual fluid because 
H^S and CO,,, the main acid volatile components in most geothermal 
fluids, preferentially partition into the vapor phase. Browne and 
Ellis (1970) suggest that the rise in pH attendant on boiling may be 
the prime mechanism for adularia alteration and deposition in the 
Ohaki-Broadlands geothermal area of New Zealand, and they suggest that 
the presence of adularia in drill core from this area is indicative of 
a former boiling event. This mechanism is shown diagramatically in
Figure 13.
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The loss of the h^S to the vapor during boiling may lead to 
precipitation of sulfides (KamiHi and Ohmoto, 1977) and, as already 
mentioned, lead to a decrease in the solubility of precious metals 
within the fluid. Boiling will also promote quartz precipitation by 
simple concentration (Kamilli and Ohmoto, 1977), as well as due to its 
cooling effect. Metals will also be concentrated in the liquid phase, 
and therefore tend toward saturation (KamiHi and Ohmoto, 1977).
Since boiling may be an important triggering mechanism for gold 
precipitation in typical geothermal systems, the level of boiling 
becomes an important consideration when estimating the depth to the 
level of precious metal enrichment. Reference to Figure 34 show that 
pure water at 225 ° C will begin to boil at a depth of approximately 
275 m under hydrostatic conditions, whereas a fluid of this 
temperature that contains 10 bars CO2 will begin boiling at a depth of 
380 m. Under similar conditions, a fluid at 2000 C will begin to boil 
at 160 m and 250 m, respectively. These depths serve as general
reference points for the deepest level that boiling-induced
precipitation of gold may be expected in the upper reaches of a 
typical geothermal system. However, after boiling has been initiated, 
the precipitation of gold from the solution will not occur until its 
saturation limit is reached. Additionally, the depth at which boiling 
occurs within a geothermal system will be influenced by the vertical 
flow rate of the fluid. (Donaldson, 1968); high flow rates will exert 
a driving pressure from below, and therefore raise the level of 
boiling towards the surface.
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PROCESSES OF HYDROTHERMAL BRECCIATION
A hydrothermal explosion occurs when shallow, high-temperature 
water flashes to steam (Muffler et al., 1971). The increase in volume 
due to the evolution and expansion of the vapor phase causes intense 
brecciation of the surrounding rock, and may lead to ejection of solid 
material onto the surface. Such hydrothermal explosions are probably 
relatively common in most geothermal systems, since the water columns 
in these areas are usually near the boiling point curve, and are only 
kept from eruption by an interplay of near-surface cooling, discharge, 
and gentle boiling. If this interplay is disrupted, and the pressure 
on the water column decreased, then incipient boiling in lower 
sections of the column leads to expansion and pressure reductions 
throughout the column with resultant flashing of the water. A 
continuum exists between relatively small eruptions with low energy, 
such as geysers, to large eruptions that form craters, and which 
deposit explosion debris as much as one mile or more from the vent 
(Muffler et al., 1971). Large explosion craters are present in some 
of the World's major geothermal fields (Muffler et al., 1971; Lloyd, 
1972; Nairn and Wiradiradja, 1980).
A highly effective manner of forming an inherently unstable 
hydrothermal water reservoir is to cap its flow and build up pressure. 
This cap may be either in the form of an aquielude or, probably more 
common in older geothermal systems with well-defined fluid-flow paths, 
by self-sealing of the fluid channels by mineral deposition from the 
hydrothermal fluid. Muffler et al. (1971) report that pressures as 
much as 30 percent over hydrostatic have been noted in self-sealed
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systems. Any mechanism which breaks this seal, such as an increase in 
the water pressure to greater than lithostatic (and in excess of the 
tensile strength of the rock), or faulting, will cause instantaneous 
flashing of the water mass and result in hydrothermal brecciation.
Although there are no well-established criteria to define such 
hydrofracted breccias, features such as a "jigsaw" puzzle texture 
(Fig. 16), the occurrence of the breccia body away from or for large 
distances from faults, and the presence of exotic fragments from deep 
in the geologic section are all probably indicative of such processes. 
In the southern area of the McGinness Hills the first two of these 
criteria are met with the breccia shown in Figure 15. This breccia 
looks remarkably like those shown by Nairn and Wiradiradja (1980), who 
have also attributed them to hydrothermal processes.
SUMMARY
The system reviewed above thus involves thermal waters of near­
neutral pH rising along dilatant zones in the crust in response to a 
thermal anomaly caused by the emplacement of magma into the upper 
levels of the Earth's crust. The waters contain precious metals in 
solution dominantly as bisulfide complexes. Boiling of the fluid 
causes destabilization of the bisulfide complexes, precipitation of 
the metals, deposition of cal cite and adularia, and local hydrothermal 
brecciation. These events may occur repeatedly, and may locally lead 
to economic concentrations of precious metals.
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DISCUSSION OF ALTERATION AND GEOCHEMICAL ANOMALIES IN THE MC GINNESS HILLS
ALTERATION AND GEOCHEMICAL ANOMALIES IN THE NORTHERN AREA 
The acid alteration present in the northern area of McGinness 
Hills is zoned away from vertical feeder channels, and is therefore 
not the type occurring above a boiling water table, Wallace (1979), 
and Hudson (1977; 1983) have suggested that areas containing similar 
types of alteration may be indicative of an underlying porphyry-type 
system. The high fluorine values and scattered molybdenum and 
tungsten anomalies in the northern area of the McGinness Hills may 
indicate the presence of a porphyry molybdenum system (see for 
example, White et al., 1981).
The Mount Hope molybdenum deposit is located 40 miles northeast 
of McGinness Hills, and has given radiometric ages of from 
approximately 30 to 41 m.y. for rhyolite intrusive phases (Silberman 
and McKee, 1971; Edwards and McLaughlin, 1972). These ages correspond 
well with that obtained for the al unite at McGinness Hills, and this 
may indicate the presence of a similar type of system under the 
northern area. However, since this area is poorly mineralized at the 
surface, no further discussion will be provided.
ALTERATION AND GEOCHEMICAL ANOMALIES IN THE SOUTHERN AREA 
Morphology of Deformation and Alteration 
There is a general change in the nature of the introduced 
silica within the southern area of the McGinness Hills, from the early 
dominance of silica cementation of generally unfocused hydrothermal
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breccias to late quartz veining, with the veining typically best 
developed within structural zones; this change may be related to 
evolving ground preparation.
Successive silicification events would tend to harden the rock 
and to decrease its permability. Repeated brecciation and 
silicification of these zones would tend to limit the fluid flow to 
the more permeable, brecciated conduits, and thus lead to focusing of 
the hydrothermal fluid. Similar mechanisms for the development of
fluid focusing have been suggested to be present in an Archean hot 
spring system by Gibson et al. (1983). Repeated fracturing of these 
brittle, silicified rocks along a fault zone may allow for the 
maintenance of relatively linear open channelways, and to the 
development of the banded quartz veins within the channels through 
episodic depositional events.
Another interesting feature related to the introduction of the 
hydrothermal fluids is the general lack of hydrothermal brecciation of 
the andesite. While the andesite is locally hydrothermally 
brecciated, most notably along the hill at 47,000 N., 48,800 E., 
brecciation is never as well developed as it is in the tuffs or 
sediments. This difference is most clearly seen along the south end 
of the hill located at 44,600 N., 48,400 E. The sedimentary unit here 
is intensely brecciated and silicified whereas the underlying 
andesite, although locally containing fine hairline anastomosing 
quartz veinlets, dominantly contains linear quartz veins.
These differences are probably due to the differing character of 
the rock units. The andesite is very dense and homogeneous, and
99
therefore not prone to extensive shattering because the rock is 
impermeable and contains no planes of pervasive weakness. The tuff, 
however, has inherent weakness and commonly higher permeability along 
its welding foliation. Flashing of water along this zone during an 
explosive hydrothermal eruption would cause extensive shattering of 
the rock. The Tertiary sediments, where fresh, are extremely porous 
and permeable, and therefore also highly prone to brecciation during a 
flashing event. Muffler et al. (1971) have noted that similar host
rock controls may have been important in determining the style and 
depth of hydrothermal brecciation in explosion craters at Yellowstone.
The absence of blanket-like leaching at the paleosurface of the 
hot spring at McGinness implies that the water table was always very 
near the surface. The areas where boiling of the fluid occured are 
now marked by hydrothermal breccias, quartz pseudomorphs after 
lamellar cal cite, adularia, and probably the more elevated metal 
values; the zones where boiling was more intense and long-lived are 
marked by more intense development of these features. The absence of 
breccias showing evidence for multiple periods of intense brecciation 
suggests that this was a relatively passive hydrothermal system. This 
lack of dynamism would inhibit the development of ore since economic 
concentrations of metals appear, empirically, to be produced by a 
episodic flow of hydrothermal fluids through a host rock (Blakestad 
and Stanley, 1984).
Geochemistry and Evolution of the Hydrothermal System
The change in the nature of the silica phase associated with the
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hydrothermal fluids may provide information regarding the silica 
saturation of these fluids. Figure 6 shows the solubility limits for 
various forms of silica. Knowing that near-surface geothermal waters 
will have a temperature of approximately 100°C, and knowing that the 
three silica phases were precipitated to just below the paleosurface 
(a depth which is 50 feet, based on proximity to overlying sinter), it 
appears that the earlier fluids had higher concentrations of silica 
than the later fluids.
Figure 38 provides a schematic representation of the geochemical 
relationship between pyrite and hematite, and kaolinite and adularia. 
The equilibrium constant for the reaction relation between pyrite and 
hematite shows the reaction is a function of sulfate activity as well 
as pH and fo2; increasing sulfate activity favors pyrite. The 
presence of hematite in the brown chalcedony at McGinness Hills thus 
may be a function of lower sulfate and H+ activity and/or a higher 
activity of O2 within the parent fluid of this phase relative to later 
fluids. This geochemical state may have been produced in a very 
shallow mixing zone where the geothermal water initially came into 
contact with oxygenated metoronic water containing acidic vapor 
condensate.
The equilibrium constant for the reaction relation between 
kaolinite and adularia shows the commonly-mentioned dependence on pH, 
but also a dependence on potassium and silicic acid activities; 
increasing concentrations of either of these favors the formation of 
adularia. The pH rise attendant on boiling will be accompanied by an 
increase in the potassium content of the residual liquid, both of
HEMATITE
K =








[aK+] ^ S I O , ’
Reactions:
Kspar Kaolinite
2AlSi30g + 2H + 9H£0 = AT2Si205 (OH) 4 + 2K + 4 H4Si04
Hematite ? Pyrite
Fe203 + 4S0^~ + 8H = 2FeS2 + 4H20 + 7.502
FIG. 38. Schematic representation of the reaction relations 
between potassium feldspar and kaolinite, and hematite and pyrite. 
Note the controlling factors of the reactions in the equilibrium 
constant equations.
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which favor adularia formation. It is also interesting to note that 
in a fluid with extremely high activities of silicic acid, such as 
those present in silica saturated, opal-buffered fluids, the K-mica 
stability field, which is typically present between the kaolinite and 
Kspar fields (Fig. 13), may be completely closed, thereby leaving a 
kaolinite - Kspar equilibrium boundary (J. Bosma-Douglas, pers. 
comm.).
The fluids in the upper 500 m of a geothermal system will 
typically be in the temperature range of 100 to 250°C (Figure 34). Figures 36 
and 37 summarize the important geochemical and mineralogic parameters 
present at these two extremes. Points A, B, and C on these diagrams 
correspond, respectively, to the general chemical conditions of the 
fluids producing the brown chalcedony, gray-to-black chalcedony, and 
quartz-vein phases of silica.
Point A is placed within the hematite-stable field due to the 
abundance of disseminated hematite within the chalcedony, and the 
general lack of pyrite. The argil!ization of the surrounding tuff
with the resultant production of montmorillonite suggests that the 
fluid had a similar or slightly higher K+/H+ ion ratio as fluids that 
produce kaolinite alteration (see, for example, fig. 13); the general 
predominance of montmorill inite relative to kaolinite in the 
argillized tuff at McGinness Hills may be explained by a higher Na+/H+ 
activity ratio within the fluid.
The abundance of pyrite within the black chalcedony, and the 
local association of clays, illite and adularia, place the parent 
fluid for this silica phase in the region of point B of Figures 36 and
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37. The placement of point B within the square which delineates the 
composition of Broadlands, New Zealand, geothermal fluid is probably a 
reasonable assumption. The position of solution B relative to 
solution A (Figures 36 and 37) may explain the increased precious- 
metal content of the black chalcedony relative to the brown 
chalcedony. The greater solubility of gold in solution B would allow 
it to carry greater quantities of precious metals, which would then be 
available for precipitation. The absence of primary hematite in this 
phase of silica may imply that overlying meteoric water had been 
flushed out, and geothermal reservoir conditions extended all the way 
to the surface.
Point C of Figures 36 and 37 shows the approximate geochemical
conditions that the quartz-vein forming fluids at least periodically
approached. As previously discussed, the fluids producing these
banded quartz-adularia veins were probably boiling, and boiling tends
to raise the fOg and pH of the remaining fluid (if H2S and CO2 have
not been lost by previous boiling). Thus, although the composition of
the parent fluid from which these veins were deposited was probably
near B, the intermittant boiling of the fluid pushed the remaining
fluid composition somewhere toward point C. This reasoning also holds
for adularia (i.e. boiling conditions) associated with the black
chalcedony. It should be noted that for a fluid which nearly reaches 
2_
point C, the SO^ field is entered with a resultant dramatic drop in
gold solubility. The presence of some quartz veins with a pyrite-
destructive selvage is evidence that these conditions were at least 
periodically reached and exceeded (Figures 36 and 37).
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The quartz-vein stage of mineralization may provide an example of 
a favorable depositional environment leading to increased 
metallization. The increased focusing and open channels present 
during the later stages of the hydrothermal system's life may have 
allowed for a greater volume of fluid to pass through specific zones 
within the rock. This larger quantity of fluid would have been able 
to precipitate greater quantities of metals, thereby enriching the 
depositional zone. Also, the drastic change in chemistry attendant on 
boiling may have led to the selective precipitation of metals within 
this zone, while much of the silica solute associated with the quartz- 
vein forming fluids may not have precipitated at this level due to 
buffering of the fluid temperature by the wall rock. This would imply 
that increased metallization is not simply a fluid- 
enrichment/precipitation-mechamism phenomenon, but that it may also be 
a function of decreased dilution by gangue minerals. In this 
scenario, the silica from the quartz-vein forming fluid would have 
rapidly moved up to higher levels of the hydrothermal system along the 
open channels before being precipitated. It is interesting to note 
that the sinter may be a late-stage phenomenon, and it may therefore 
be related to near surface, highly silica-saturated fluids derived 
from the late, and possibly contemporaneous, quartz vein forming 
episode.
The high variability of metallization within different samples of 
quartz veins is probably related to different physical and chemical 
conditions within the parent fluid of each of these discreet substage
events.
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The association of elevated gold contents with adularia-bearing 
banded quartz veins at McGinness may, as has previously been 
discussed, indicate boiling-induced precipitation of gold from the 
solution. This association of adularia with elevated metal contents, 
which is common in many epithermal precious-metal deposits, may be 
indicative of boiling-induced metallization within all such areas. A 
mixing model of ore deposition, which depends on mixing between 
hydrothermal fluids and near-surface, oxygenated groundwater and 
acidic condensate, has often been suggested to be an important factor 
in ore deposition within epithermal systems. This precipitation 
mechanism would tend to raise the f02 and lower the pH of the 
hydrothermal fluids, thereby reducing gold solubility; the stable 
alteration mineral within the ore zone of this system would be a clay 
mineral and/or alunite (see, for example, Figure 36). It therefore 
seems reasonable to suggest the gold mineralization that is intimately 
associated with adularia deposition is a product of boiling. Gold 
mineralization associated with clay, and possibly alunite and hematite 
alteration, may be the result of fluid mixing; however, it may also 
have originally been associated with adularia that was subsequently 
argillized by acidic vapor condensate formed over a collapsing 
geothermal system.
Vertical Geochemical Zonation
As previously discussed, the vertical geochemical patterns 
beneath the hot spring area at McGinness Hills are the result of: 
changing host rocks; replacement silicification versus quartz veining;
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and a general vertical zonation probably related to changing fluid 
chemistry. It is interesting to note that these vertical patterns are 
similar to those found at Broad!ands, New Zealand, where the upper 
portions of the geothermal system are relatively enriched in Au, As, 
Sb, and Tl, whereas the lower portions contain greater concentrations 
of Ag, Cu, Pb, and Zn (Ewers and Keays, 1977). Ewers and Keays (1977) 
think that the former suite of metals are transported as bisulfide 
complexes, and that their distribution pattern is a function of 
temperature changes and boiling. The metals Ag, Cu, Pb, and Zn are 
thought to be transported as chloride complexes, which become unstable 
and precipitate at higher temperatures than do the bisulfide complex 
ions. The precipitation of the base metals is primarily affected by a 
general decrease in temperature, but with local variations due to 
boiling (Ewers and Keays, 1977). White (1981) also believes that 
similar processes may be important in causing such metal zonation in 
epithermal systems. Thus, some of the metal zonation at McGinness may 
have been produced by similar mechanisms.
Although these mechanisms may be responsible for some of the 
vertical metal zonation at McGinness Hills, it is important to note 
that the zonation at Broad!ands is expressed over 3000 feet, whereas 
in the McGinness Hills sampling extends to a depth of only about 500 
feet. Also, the silver mineralization at McGinness Hills is most 
highly concentrated in the upper portions of the system, implying that 
the silver of this level within the system had a similar geochemical 
history as the gold suite of metals.
The relationship of boiling to metal zonation at McGinness Hills
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cannot be completely evaluated since the drilling was not deep enough 
to extend beyond such probable boiling-induced features as banded 
quartz veins and adularia deposition. Also, the feeder structure 
underneath the sinter probably has a westward dip, and so the metal 
zonation is probably best developed in this direction.
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TERTIARY GEOLOGIC HISTORY OF THE McGINNESS HILLS
During early Oligocene time, the McGinness Hills area was the 
site of deposition of andesitic volcanics. Hydrothermal activity in 
the area began after the shallow emplacement of a small, and possibly 
rhyolitic, intrusive mass. The intrusion was contemporaneous with 
andesitic volcanism in the region, and it may have been related to an 
andesitic volcanic center located in this area. The hydrothermal 
fluids at this level had a distinct acid-oxidized and sulfate-rich 
chemistry, and the alteration produced by this hydrothermal system may 
be analogous to that occurring under modern solfatara fields, and to 
highly-acidic fluids present within geothermal fields associatd with 
andesitic volcanism.
The fluids rose along faults and fractures and formed argillic, 
illitic and quartz-alunite alteration assemblages. The solutions 
probably decreased in acidity away from the feeder channels due to the 
gradual depletion of H+ from the fluid by reaction with the wall rock. 
The acid attack on the rock caused dominantly replacement alteration. 
Although early and/or local portions of the fluid precipitated pyrite, 
some of the fluid was extremely oxidized, and formed primary specular 
hematite instead of pyrite, and also deposited local veins of rutile. 
The thermal anomaly slowly waned, and the area was later uplifted, 
the pyrite oxidized, and supergene coatings of iron oxide and jarosite 
veins were overprinted on the hypogene alteration.
During the late Oligocene and early Miocene, a series of rhyolite 
ash-flow tuffs were erupted onto the dissected surface of andesite.
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The ash flows form four distinct cooling units in the McGinness Hills 
area, and were at least locally separated from each other by episodes 
of erosion and/or alluviation. A thick layer of alluvium, probably 
shed from the ancestral Toiyabe Range in the west, was then deposited 
over the area.
Approximately 3 m.y. ago hydrothermal fluids of near-neutral pH 
began to circulate in the area. This hydrothermal system was
presumably also driven by an intrusive. Fluid movement became 
centered on north-south trending structural zones, with major zones of 
up-flow located at the structural intersection of north-south and 
northwest-trending structures.
The movement of hydrothermal fluids in the upper portions of this 
system was initiated by violent fracturing of the rocks, boiling of 
the fluid and the introduction of a viscous silica gel into the 
fractures. Fluid percolation away from these fractures caused mild 
argillization and silicification, and alluvial deposits above the 
major flues began to be silicified. These hydrofractured zones 
underwent several pulses of fluid movement, but were gradually sealed 
by silica deposition, after which the fluid reservoir began to build 
up pressure.
The reservoir pressure was dissipated by another explosive event 
in which boiling and the introduction of a silica gel again occurred. 
This episode of silicification deposited highly pyritic silica which 
cemented breccias, filled veins, and inundated and nearly completely 
sealed the alluvium above the main hydrothermal vents with pyritic 
chalcedony. Multiple pulses of the fluid passed through the channels,
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deposited silica, and eventually plugged the fluid conduits.
This seal was also broken, but this time fluid movement was 
restricted to very localized and dominantly planar zones. These 
channels remained relatively open, and acted as a host for repetitive 
deposition of quartz, adularia, pyrite, calcite, local stibnite, and 
minor amounts of metals. The final product of this mineralization was 
banded quartz veins. The repetitive nature of the mineralization may 
have been produced by distinct boiling events.
Explosive activity at the surface throughout the hydrothermal 
systems life led to the deposition of breccia debris around the main 
vents and brecciation of the underlying host rocks. After the 
Tertiary alluvium around the main vents was completely silicified, it 
tended to break along brittle fractures that were then filled by 
quartz veins. After the alluvium became relatively impermeable the 
thermal waters were able to flow to the surface and form a sinter 
capping over much of the area. Late fluid flow caused local
conversion of opaline sinter to chalcedonic sinter around the main 
fluid conduits.
The hydrothermal system slowly weakened, the feeders became 
choked with silica, and locally by breccia, and fluid movement died. 
Recent uplift caused a slight dissection of the area and caused 
supergene oxidation of some of the pyrite with resultant argil lie 
alteration of the adjacent rock.
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ECONOMIC POTENTIAL OF THE AREA
Two types of hydrothermal systems characterized by elevated metal 
contents are present in the McGinness Hills area: a system 
characterized by quartz-alunite alteration in the north, and a hot 
spring system characterized by quartz-adularia alteration to the 
south.
The northern area may be related to a porphyry-type system, but 
the metallized portion of this system, if present, would probably be 
deep-seated for several reasons: intrusive phases are not present at 
the current level of exposure; the alteration is related to acidic 
sulfate-rich fluids, and these fluids would tend to occur distal to 
more near-ore, lower pH, sericitic and potassic alteration 
assemblages; and base-metal values within this area are generally very 
low. For these reasons this area is not considered to contain a 
viable economic metals target.
The southern area of McGinness Hills contains precious-metal 
anomalies related to hot spring processes. Concentrations of > 1 ppm 
gold or 30 ppm silver are found only locally, and only in small quartz 
veins. The general lack of significant volumes of rock containing 
even subeconomic values of Au and/or Ag make it appear unlikely that 
this area contains economic mineralization. However, there are 
several ways in which significant metallization might be present in 
this terrain: in a relatively shallow zone below a sinter-covered 
and undrilled area, or at considerable depth.
The size of the main sinter terrace at McGinness requires the
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flow of large volumes of fluid through the underlying strata. 
Relative to the other areas in the southern terrain it appears that 
the hydrothermal fluids were focused beneath the main sinter terrace, 
and this area therefore appears to have the best chance of containing 
economic mineralization.
One possible manner in which significant concentrations of 
precious metals may be present beneath the main sinter terrace is as 
a relatively shallow disseminated and stockwork-vein type deposit. 
This form of mineralization would be favored by the presence of 
relatively low-temperature geothermal fluids that began to boil close 
to the surface; this scenario is depicted schematically in Figure 39. 
Mineralization along the deep, andesite-hosted portion of the system 
would be restricted to a vein-type occurence located along the primary 
feeder structure, and possibly an associated peripheral stockwork-type 
zone. Once the fluid reached the tuff and alluvium horizon a drastic 
reduction in fluid pressure would occur due to the high permeability 
of these units. This reduction in pressure would lead to an increase 
in the degree of boiling, hydrothermal brecciation, and possibly 
result in relatively pervasive mineralization and stockwork type 
quartz veining. This focusing of rapid boiling at a specific horizon 
may also tend to telescope the zone of mineralization. Altered and 
quartz-veined zones distal to this locus of boiling may contain only 
low-level gold anomalies, but these anomalies would be significant in 
that they would indicate the presence of gold within the hydrothermal 
system. The present drill holes may have only encountered the portion 
of the system containing these low-level anomalies.
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fIG. 39. Possible geometry of mineralization beneath the •" 
main sinter terrace resulting from boiling-induced metal precipitation 
from a relatively low temperature (200°C) fluid. The stipple pattern 
represents a halo zone of geochemical anomalies, whereas the hatched 
pattern represents an ore zone. Note the effect of CCL content upon 




FIG. 40. Similar scenario to that depicted in Figure 39, except 
that this fluid is at initial temperature of 225°C.
115
Figure 40 shows what the geometry of mineralization would tend 
towards at higher fluid temperatures. The initiation of boiling at 
these deeper levels may allow for the near complete precipitation of 
the gold within the andesite. Associated mineralization would
therefore tend to be in the form of high-grade, relatively confined 
veins along the primary feeder structure, with little or no 
significant metallization of the overlying tuff and alluvium. A halo 
of metal anomalies may extend to the surface, and it may be this 
geochemical halo that has been sampled in the outcrop and intersected 
by the current drill holes.
The two scenarios that have just been described appear to be the 
primary forms in which significant gold mineralization may be located 
at a relatively shallow depth beneath the main sinter terrace. These 
scenarios are simplifications of the actual processes that would occur 
within the geothermal system, but they serve as examples of the
effect that different levels of boiling will have upon mineralization 
when metal precipitation is triggered by boiling. Any change in the 
fluid that raises the level of boiling (for example: lower
temperature; greater driving pressures exerted from below; lowered CO2 
contents within the fluid) will cause the mineralization horizon to 
move towards the surface. Increased focusing of mineralization within 
the relatively permeable, near-surface units will lead to a more
diffuse zone of mineralization. Changes in the level of boiling may 
lead to broad, rather continuous mineralized zones.
Another manner in which ore may have been formed within this 
hydrothermal system is at considerable depth and under distinctly
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different geochemical conditions than those occurring in the near­
surface environment. It has been suggested by Buchanan (1981) and 
White (1981) that epithermal deposits may be vertically stacked: 
precious-metal horizons may overlie base-metal zones. This stacking, 
as previously discussed, is thought to be the result of transport of 
the metals as different complexes: the precious metals are thought to 
be deposited from bisulfide complexes whereas the base metals are 
deposited from chloride complexes. It may therefore be possible to 
have a system that was barren of metals transported as bisulfide 
complexes, yet highly-enriched at depth with metals carried as 
chloride complexes.
As previously mentioned, the Au:Ag ratios for rock chip samples 
taken from the southern area of the McGinness Hills typically range 
between 1:25 to 1:50. The predominance of silver over gold may 
indicate that this is primarily a silver-bearing system. At elevated 
temperatures and relatively high salinities Ag may be transported as a 
chloride complex (see, for example, Barnes, 1979; White, 1981). These 
conditions may be present in the upper portions of geochemically 
unique hot spring systems, or possibly in the root zones of typical 
hot spring systems. The possibility therefore exists for epithermal 
bonanza-type silver mineralization associated with base metals at 
considerable depth below the main sinter terrace at McGinness Hills. 
This best-case scenario may imply that the near-surface silver- 
enriched horizon intersected by drilling was produced by precipitation 
from bisulfide complexes, whereas a hypothetical bonanza horizon at 
depth was produced by deposition from chloride complexes. The current
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APPENDIX
The cooling of a fluid due to heat loss during boiling was 
assumed to be an isoenthalpic process occurring in pure water. The 
entropy data was obtained from Haas (1976). An example calculation is 
provided below.
A fluid is cooled isoenthalpically from 250°C to 100° by 
boiling. The entropy of pure water at 250°C is 19,595 J/mol; the 
entropy values of the residual liquid and evolved vapor at 100°C are, 
respectively, 7,532 J/mol and 48,209 J/mol. The entropy of these two 
systems must remain constant, therefore:
19,595 = (48,209)(B) + (7,732)(1-B)
B = 29.6%
where B represents the degree of boiling. A calculation was made 
assuming a highly-saline parent fluid (18.95 wt. percent NaCl), and 
this showed no appreciable difference from the pure water calculation.
